The Impedance-Transformation Properties of Common 4:1 Balun Types 
Part 1: Essential Background 


L. B. Cebik, W4RNL 


One of the most ubiquitous antenna-system accessories among radio amateurs is the 4:1 
balun. Theoretically, these devices are designed to transform a 200-Q load impedance value to 
a 50-Q input impedance level. The normal design frequency range is (more commonly) 3.5-30 
MHz or (less commonly) 1.8-30 MHz. Despite the specifications, amateurs employ (or 
misemploy) 4:1 baluns in a number of circumstances in which the device has little hope of 
matching its output to the actual load. Fig. 1 presents only two of numerous scenarios. 
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Two Commonly Used All-Band Amateur Antenna Systems Fig. 1 


Some amateurs install 4:1 baluns at the feedpoint of multi-band antennas in the mistaken 
belief that the input impedance may be compatible with the standard 50-Q coaxial cable. 
Alternatively, some amateurs install the 4:1 balun at the entry point to the equipment building. 
Parallel transmission line runs from the balun’s balanced output terminals to the antenna 
feedpoint, while coaxial cable does indoor duties. A few amateurs actually install a 4:1 balun 
under optimal conditions. They transform an actual 200-O antenna feedpoint impedance value 
to a match for the 50-O main feedline. 


A number of radio amateurs do run parallel transmission line from their multi-band wire 
antennas to an antenna-tuning unit (ATU). In many instances, the ATU employs a single-ended 
network against a ground that is also common to the case. To obtain a balanced output—or at 
least an output in which neither output terminal is connected to ground—designers have long 
used a 4:1 balun between the network and the connections for a parallel transmission line. Fig. 
2 shows some sample tuner configurations, all of which share in common the 4:1 output balun. 


There have been numerous reports in amateur literature on the power capabilities of 
available balun designs and commercial as well as homebrew implementations of them. 
However, | have not seen a report on the precision with which various available balun designs 
actually transform the load impedance to the target input impedance across the intended use 
range, namely, the HF spectrum from 3 to 30 MHz. The availability of an inexpensive but quite 
adequate antenna analyzer, the AIM 4170, has not only eased the task of making at least some 
preliminary measurements, but doing so very accurately. 


Fig. 2 
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This collection of notes makes a start—but by no means a finish—of the task. Handbooks 
note—usually without verification—that current baluns are better at the task of impedance 
transformation than voltage baluns, and so up to now, we have had to accept the reports or 
undertake a significant learning curve to follow the mathematical analyses that have appeared 
from time to time in support of the handbook claims. 


An alternative approach is to use an antenna analyzer, a select group of non-inductive 
resistors, and a small collection of 4:1 baluns and then perform HF scans to determine their 
actual ability to transform impedances according to specification. Where possible the balun 
collection should contain at least two samples (more would be better) to separate unit 
idiosyncrasies from trends that are functions of the design and the construction strategies. 


We normally divide baluns into two groups: voltage baluns and current baluns. In each 
category, there are design variations. The many articles and books by Jerry Sevick, W2FMI, 
provide ample reading for those interested in balun design options. Our task is simpler, since 
most of the 4:1 balun units used in amateur service show very little variation. 


Perhaps the most common 4:1 balun is the voltage type, shown schematically in Fig. 3. The 
unit consists of two series windings, with a ground (common to the input connector ground) at 
the junction. The dots in the photo indicate the start of a bifilar winding, a parallel run of two 
wires around the core. In the past, many voltage baluns used air cores, but since the advent of 
the age of easily available ferrite and powdered iron cores, most voltage baluns have used them 
to produce compact devices that are relatively free of unwanted coupling. The most usual core 
for the task is the T200-2 powdered iron core where u = 10 (or for coverage down to 1.8 MHz, 
the T200-1 for which u = 20). We can easily recognize the core by its red paint job. (Mixture 1 
is normally blue.) The core has a 2” outside diameter and is about 0.5” thick. 


Fig. 3 


gerd 4 


Balanced 


Single-Ended 
(Unbalanced) 


Conventional 4:1 Voltage Balun 


The operation of the balun is straightforward. The voltage across the input terminal appears 
also across the lower winding in the schematic. Close coupling of the upper winding via the 
bifilar winding technique creates an equal but opposite polarity voltage at its “hot” end. With 
twice the voltage of the input at the output terminals and assuming that the current is halved in 
the process, the impedance at the output terminals is 4 times the input impedance. (The 
assumptions about current have been the subject of very extensive discussion in balun 
literature. ) 


The standard voltage balun has a structural advantage over some other designs. It requires 
only a single core, although we often find stacked cores for increased power handling ability. 
Fig. 4 shows one example, which happens to be an MFJ-912 unit of considerable age. The red 
T200 cores (a stack of 2) are readily apparent, as are the 18 turns of the winding. The phenolic 
hold-down plate is missing to expose the windings. 


Fig. 4 


18 Bi-Filar Turns (1.8-30 MHz) 


MFJ-912 VWWSINN Balun Box 


Fig. 5 shows an alternative version, a homebrew open frame version using a stack of 3 
T200 cores wrapped in glass tape. The 25-year-old test unit uses minimal hardware, since its 
place was indoors. It has 15 bifilar turns for 3.5-30-MHz coverage. Like the commercial unit, 
the output terminals show a test load resistor. 


Fig. 5 
Home-Made Voltage Balun 


15 Bi-Filar Turns (3.5-30 MHz) 


When we turn to current baluns, we encounter a subdivision. The lesser-used type is an 
adaptation of the W2DU ferrite-bead choke that places a large number of small ferrite beads 
over a length of coaxial cable. The beads present high impedance to currents that might extend 
along the outside of the coax braid. The choke thus becomes a 1:1 current balun. 
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50 Type 73 Ferrite Beads per Line 


General Features of a 4:1 Balun Composed of Two Ferrite Bead Chokes 


To create a 4:1 balun, we take two such chokes and place them side-by-side, as shown in 
Fig. 6. We connect the input ends in parallel to force a current division into the two legs. We 


connect the output ends in series at the antenna feedpoint. The series connection shows half 
the input current, and by assuming that the terminal voltage is twice the input value, we arrive at 
a 4:1 impedance ratio. Current baluns are somewhat sensitive to the impedance of the lines. 
The best characteristic impedance is the geometric mean between the intended input and 
output impedance values. For a balun intended to convert a 200-0 load to a 50-Q main 
feedline, the optimal value is 100 Q. 93-Q RG-62 is very close to the desired value. Fig. 7 
shows a pre-encasement layout of the Wireman’s kit for the balun. Like the voltage baluns, the 
configuration is for testing purposes. The advantage of the dual ferrite bead configuration 
among current balun designs is the simplicity of construction. 


Fig. 7 
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Dual Ferrite-Bead 4:1 Current Balun 


More common than the ferrite-bead version of a 4:1 current balun is a very old design 
updated for ferrite core use. The Guanella balun usually requires two transformers and 
therefore two cores, as shown in the schematic diagram in Fig. 8. Each core has a bifilar 
winding (as indicated by the end dots), with the wire spacing set for a characteristic winding 
impedance of 100 Q. The ferrite core is often type 43 (u = 850), although other types also 
serve. The two transformers should not directly interact (except via the connections shown), a 
requirement vastly eased by the use of toroidal ferrite cores. 


@=End1 Fig. 8 


Current Balun 


We can easily recognize the parallel input connections and the series output connections 
that effect the impedance transformation. The diagram actually shows balanced input and 
output terminals. In practice, some builders add a 1:1 balun at the input, while others simply 
connect one side of the input to ground to achieve a single-ended input. 


The MFJ-911 indoor 4:1 current balun adheres to the simplified input, as shown by the 
inside view in Fig. 9. The maker rates the unit at 300 Watts with a “relatively flat response from 
1.8 to 30 MHz.” Clearly evident on the photo are the two side-by-side ferrite (black) cores that 
are about 1.5” outside diameter and 0.375” thick. Although the maker does not specify the 


ferrite mix, type 43 is most likely. Each core has 16 bifilar turns. The input uses an SO239 
connector, while the output uses standard plastic binding posts. 


The photo (Fig. 10) shows a version of the same basic balun concept, but with a much 
higher permeability core. Clear Signal Products produces this balun (and a fully sealed outdoor 
version) using a single core, for which u = 1500, from Ceramic Magnetics. The high-y allows a 
single 1.375’-diameter by 0.375”-thick core to carry both windings, which require only 3 turns 
each with wire spacing set for a 100-Q characteristic impedance. The case uses gray UV- 
resistant PVC, normally with a compatible sealant. 


The photos actually show the array of baluns at my disposal for testing. The test set-up 
itself appears in Fig. 11. The test instrument is an AIM-4170 antenna analyzer that measures 
the relative strengths and the phase angle between the voltage and current at the test terminal 
and converts these values into values for impedance magnitude and phase angle. Computer 
software uses these values to determine such commonly desired quantities as the series 
resistance and reactance, reflection coefficient, and SWR, among other parameters. The 
instrument is accurate up to 170 MHz, although our use will not press its limits, since we shall 
scan from 3 to 30 MHz. (The software will automatically extend the scan to 33 MHz to obtain 
neat subdivisions for the scan graph.) Even though we shall only show a few quantities in the 
graphics that we use, the instrument saves the data for all initially calculated parameters of the 
test antenna or device. 


Fig. 11 
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Basic Layout of the 4:1 Balun Test Set-Up 


The test baluns will be the subjects of study. Each one uses a 3” length of RG58 cable 
between the balun and the 4170. Although the connecting cable is less that 1% of a wavelength 
at the highest scanned frequency, it does shift measured values at the high end of the sweep. 
Therefore, using procedures prescribed for the unit, | calibrated the connecting cable out of the 
test set-up. Essentially, the procedure for unit calibration occurs with the connecting cable in 
place, moving the measurement point from the input connector of the unit itself to the connector 
at the far end of the connecting cable. 


Since the 4170 test signal to the device amounts to microwatts, it is safe to use low-wattage 
resistors as test loads. The test resistors are non-inductive %-watt carbon-film units. The test 
series consists of a range of values, approximated by the following corresponding values of 
resistance and approximate SWR relative to the ideal load impedance of 200 Q: 100 Q and 390 
Q (2:1), 150 Q and 280 Q (1.4:1), 180 Q and 220 Q (1.1:1), and 560 Q (2.8:1). The values of 
the individual resistors will appear according to the measured resistance at DC (for example, 
221.4 Q). 


| pre-scanned each resistor to determine its characteristics at RF. All resistors showed 
excellent resistance stability within the passband. For example, as shown in Fig. 12, a sample 
220-0 resistor varied from 220.1 Q at 3 MHz to 219.5 Q at 33 MHz. However, with rising 
frequency, the units displayed a small capacitively reactive component. The test unit reactance 
varies from —j1.9 Q at 3 MHz to -j11.8 Q at 33 MHz. In general, the lower the resistor value, the 
smaller the reactive component. In no case did the reactance exceed 20% of the resistance 
value at the upper limit of the scan, and it was, of course, lower for all lower frequencies. In 
fact, as the resistance value decreases, the maximum reactance at 33 MHz grows lower as a 
relative percentage to the resistance value. As the tests will show, the characteristics of the 
baluns at higher frequencies will generally negate any errors introduced by the load capacitive 
reactance values at the upper end of the passband. 
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Typical Scan for a Test Load Resistor Fig. 12 


For each test run, the output will appear in two forms: a scan, such as shown in Fig. 13, 
and an associate table of values for 3.5, 7.0, 14.0, and 28.0 MHz. The sample scan graph 
identifies the calculated lines: orange for resistance, ochre for reactance, and red for SWR. The 
vertical blue line indicates the center frequency of the scan, and its values appear on the right 
side of the graph. Note that there is data even for the lines suppressed from view for the sake 
of clarity. The top line lists the minimum SWR frequency relative to 50 QO. Had the reactance 
passed through the zero line, a resonant-frequencies list would also have appeared. 
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Test 1: Balun with resistive load of 161.2 Ohms Fig. 14 
Load R Ideal ln R Ideal SWR 
161.2, 45.300, 1.104 
Freq SWR50 R x Adjld R= Adj Id x 
3.5 1:33 44.97 12.51 45.54 -0.19 
7.0 1.21 45.80 8.22 45.52 -0.37 
14.0 1.32 41.75 9.72 45.50 -0.74 
28.0 2.76 28.14 33.22 45.46 -1.49 


The table samples the scan file for readings at the assigned frequencies. The column 
headings SWR50, R, and X correspond to the lines on the graph at the designated frequencies. 
The entries contain sufficient decimal place to allow easy identification of trends (even for some 
balun units that show less variation than the one used as a sample). 


The graphs have two supplemental sets of values. At the top is the load value based on the 
DC resistance measurement of the test resistor. Beside it is the calculated “ideal” input 
resistance based on that load value followed by the 4:1 theoretical impedance transformation of 
the balun. The right two columns take into account the scans of the actual load resistors and 
create adjusted “ideal” resistance and reactance values based on simple proportional-parts 
calculations. The goal is to provide an estimate of the input values that might be produced by 
an ideal 4:1 balun at each frequency for comparison with the values actually measured at each 
sample frequency. For the sample case, we may correlate the measured values with the 
applicable points on the graph lines and compare the values with “ideal” values. The sample 
table illustrates the relative harmlessness of the capacitive reactance in the load resistor at 
higher frequencies, since the measured balun input reactance values are all considerably more 
inductive and show a much wider range of values across the range of frequencies in the table. 


The graph and table require close correlation, since the numeric values are based on 
frequencies that are multiples of each, while the graph proceeds on a linear scale. 
Nevertheless, the unit in the sample suggests some possible shortcomings at higher 
frequencies in the HF range, even with a nearly ideal load impedance value. The actual tests 
will use a wide range of load values in order to see how the initial trends expand with loads both 
larger and smaller than ideal. Initially, we noted the application of baluns in antenna systems 
that present the balun with loads even wider than the range of load resistors that we shall use. 
Therefore, we shall be very interested in impedance transformation performance trends across 
the load-impedance spread to assess that performance. 


Almost all of the baluns that we shall sample are commercial units. In most cases, the 
manufacturer is less important than the type of balun under test. Except for the dual ferrite bead 
balun, we shall look at two units per balun type. Unless we encounter radical variations from 
units of the same type, we may attribute the general properties to the balun design. The goal of 
the investigation is to characterize, as best possible with present instrumentation, the 
impedance transformation properties of various types of 4:1 baluns in common use within 
amateur radio applications. There are several other possible goals that are not part of this study. 
Generally, | am not interested in rating one balun superior to another. That judgment requires 
attention to many balun features outside the scope of the tests. For example, the tests do not 
include assessments of power handling capabilities or of the impedance of the units to common- 
mode currents. As well, determining the best balun for a given application requires evaluation 
of the unit’s physical properties, including size, case materials relative to the operating 
environment, and the position and type of connections used, especially on the high-impedance 


side. Our attention to physical properties will extend only so far as they may be relevant to the 
balun’s impedance transformation properties. 


The following parts of this preliminary exercise in measure balun impedance transformation 
begin with a design that attracted my initial attention to the question. A few amateurs have 
adapted the W2DU ferrite bead balun to 4:1 service. Claims of good service carried no 
confirming measurements, leaving open the question of whether the configuration is capable of 
effective 4:1 transformation across the HF spectrum. 


The following part of the sequence exams two voltage baluns. Although much criticized in 
terms of potential impedance transformation error, voltage baluns remain in very wide service, 
perhaps most notably as output devices to converted single-ended antenna tuner networks for 
use with balanced parallel transmission lines. 


The final part of the sequence examines two specimens of true current or Guanella baluns 
using toroidal ferrite cores. The units differ in the selection of cores, the number of cores, and 
the number of turns per winding. Since the ferrite bead balun is also a variety of Guanella 
balun, we shall be interested in comparing the overall performance of it to the toroidal versions. 


The samples are enough to start the measurement process for the sake of obtaining some 
general trends and overall characteristics of balun types. However, the number of units at my 
disposal is far short of the number of units on the markets, even within amateur radio circles. 
Although many units are simple clones of the units under test, construction and housing 
strategies are highly varied. Alas, many of the units come in sealed cases, defying any 
correlation between construction and materials on the one hand and performance on the 
other—at least without destructive deconstruction of the individual units. As a consequence, we 
shall have to be satisfied with the units at hand, all of which allow interior inspection. 


Within these limitations, we may at least begin the process of characterizing the impedance 
transformation behavior of various types of 4:1 baluns in common use. The end of the process 
lies far in the future and may include not only a much larger selection of units, but as well a 
more complete set of measurements and improved measurement techniques. The final theme 
of these notes is simply a process of doing the best one can with what is at hand. 


The Impedance-Transformation Properties of Common 4:1 Balun Types 
Part 2: The Dual-Ferrite-Bead HF Balun: Some Preliminary Measurements 


L. B. Cebik, W4RNL 


In the course of examining some basic properties of isolated off-center-fed antennas, | 
encountered two reports on the use of a pair of W2DU ferrite bead chokes tied together to form 
a 4:1 HF balun. The earlier occurs in a QST article by John Belrose, VE2CV, and Peter 
Bouliane, VE3KLO (“The Off-Center-Fed Dipole Revisited: A Broadband, Multiband Antenna,” 
August, 1990, pp. 28-34). The second appearance of the design is in an article by Frank Witt, 
AI1H on volume 3 of The ARRL Antenna Compendium (“How to Design Off-Center-Fed 
Multiband Wire Antennas Using the Invisible Transformer in the Sky,” pp. 66-75). | wondered 
about the effectiveness of such an arrangement and so decided to measure the source-side 
impedance relative to a collection of primarily resistive loads. The AIM4170 seemed to be a 
very good instrument to conduct such tests. These notes report on the results of the initial tests. 


Fig. 1 


Dual 50-Ferrite Bead (#73)/RG-62 4:1 Balun Test Set-Up 


Fig. 1 photographs the test set-up. | constructed the baluns for minimal practical lead 
length, although the 3” section of RG-58 with a BNC connector already attached was a 
concession to convenience. Although the connecting line is less than 1% of a wavelength at the 
highest frequency scanned, | calibrated it out of the test set-up. The Plexiglas spacers at the 
two ends of the balun both limit bead slippage along the RG-62 cables and provide terminals for 
load connections (2 #6 nut-bolt-washer assemblies). 


Fig. 2 provides a general sketch of the balun design. Press Jones, N8UG (The Wireman), 
graciously sent me his Model 835 parts kit used in his Model 824 complete balun. The kit 
consisted of 100 type 73 ferrite beads and about 2’ of RG-62 coaxial cable. Each bead has an 
outer diameter of about 3/8” with an inner diameter of about 3/16”. Although RG-62 has some 
standard listings of the outer diameter of the sheath in the vicinity of 0.26”, the Wireman version 
of the cable has a sheath diameter of about 3/16” for a tight fit of the beads over the sheath. In 
practice, you would leave longer leads beyond the limits of the 50 beads per line, because you 
would normally provide a weatherproof housing plus suitable connectors for both the source and 
load ends of the assembly. Note that my terminology is transmitter oriented, although the balun 
works equally well (or poorly) in transmitting and receiving applications. 
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General Features of a 4:1 Balun Composed of Two Ferrite Bead Chokes 


The keys to impedance transformation in the dual-choke arrangement include the use of a 
series connection on the load end of the system and a parallel connection on the source end. 
Equally important is the use of a cable characteristic impedance that is the geometric mean 
between the source and load target impedances. The usual conception of a 4:1 balun rests on 
the source-end impedance: normally 50 Q. The target load-end impedance under a 4:1 
impedance transformation is 200 QO. The geometric mean is, of course, 100 QO. The 93-Q cable 
is close to but not exactly the ideal value for the task. Nevertheless, | wondered how the 
materials in this balun would affect the impedance transformation characteristics of the subject 
design. 


The original W2DU choke employed type 73 beads with RG-303/141/142 50-O coaxial 
cable. These cables use a Teflon dielectric with a #18 center conductor and have a maximum 
voltage rating of 1400 v rms. RG-62 uses a #22 or #24 center conductor and has a voltage 
rating of 750 vrms. As a result, The Wireman rates the maximum power for the 4:1 balun at 
100-200 watts. In practice, at higher power levels with the original choke, heating of the beads 
closest to the load has tended to form the power limit of the device and occasioned versions of 
the 1:1 ferrite choke balun using larger cables and beads. However, in the 4:1 balun case, 
excess power may show up as cable failure. | am not equipped to test the power limits of the 
test version—and indeed | have no desire to destroy it. 


Almost all of the tests employ pre-measured 1⁄4-w resistors as loads to check the impedance 
transformation characteristics of the balun from 3.5 to 30 MHz. (There is a sample additional 
test at the end of these notes.) The test instrument is an AIM 4170 antenna analyzer with a 
frequency range of 0.1 to 170 MHz. The AIM indirectly measures the impedance magnitude 
and phase angle of the device under test and employs associated software both to graph the 
results over a specified frequency range and to convert the results into other values of interest, 
such as the series resistance and reactance and the SWR relative to a user-set reference value. 
The specifications limit the magnitude to 2000 Q, but these tests do not approach the limit. As 
well, the phase angles will generally be quite low, assuring good accuracy in the conversion to 
resistance and reactance values. The instrument is accurate by specification to 1 Q +/- 5% of 
the reading. The data tables will provide numbers well beyond accuracy limits, because part of 
our interest lies in the trends in value progressions across the frequency range of the tests. 


My resistor collection does not include any precise 200-Q values. However, it does include 
a range of values that will provide an interesting overview of the balun’s impedance 
transformation properties with resistive loads. The basic tests include values close to optimal 
on either side of the 200-Q value and more distant values simulating the use of the balun with 
less than ideal loads. | used resistors from 100 Q to 560 Q for the tests. 


Test 1: 180 QO: The most basic test employed a resistor of 181.2 Q, close to the target 200- 
Q value. The test provides an opportunity to explain both the graph lines in Fig. 3 and the table 


labels. 


Min SWR = 1.115 @ 4.200 MHz 


File: 181r2.scn 


CUSTOM CAL 


Mar 17,08 10:15:57 


Dual 50-Ferrite Bead (#73)/RG-62 4:1 Balun: Load 181.2 Ohms 


Test 1: Balun with resistive load of 181.2 Ohms 


Load R 
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Ideal In R Ld SWR 
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1.026 , 


44.73 
44.67 
44.06 
42.97 
1.76, 


In SWR 


x 


1.104 


0.56 
0.38 
0.45 
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0.69 


Zmag 
Rs, Xs 
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-50 


-100 


AdjldR Adj Id X 
0.19 
0.37 
-0.74 
-1.49 


AWG= 16 


Freq = 18 

Freq Step = 0.100 
Zo= 50.000 

SWR = 1.141 
Zmag= 43.860 
Theta= 0.816 
Refi Coef = 0.066 
% refl power = 0.4 


Equivalent Circuit: 
Rs = 43.856 

Xs = 0.625 
Ls= 0.006 uH 
FILES: 
default_cal.acal 


50 default_config.cfg 


100 


Fig. 3 


The column headings SWR50, R, and X correspond to the lines on the graph at the 
designated frequencies. The entries contain sufficient decimal places to allow easy 
identification of trends. The graphs have two supplemental sets of values. At the top is the load 
value based on the DC resistance measurement of the test resistor. Beside it is the calculated 
“ideal” input resistance based on that load value followed by the 4:1 theoretical impedance 
transformation of the balun. The right two columns take into account the scans of the actual 
load resistors and create adjusted “ideal” resistance and reactance values based on simple 
proportional-parts calculations. The goal is to provide an estimate of the input values that might 
be produced by an ideal 4:1 balun. 


The graph lines for the resistive (orange) and reactance (ochre) impedance components are 
very close to flat across the frequency range. The SWR line (red) is very close to 1:1 across the 
scanned spectrum. The graph confirms that the balun performs well at all HF frequencies 
tested with a resistive load close to optimal. However, the graph can also obscure some trends 


in the numbers. Therefore, the table provides sample numbers at traditional amateur 
frequencies. Although the increments are small, the “delta” values show that with increasing 
frequency, the source-end resistance grows smaller while the reactance becomes more 
inductive. As well, the 50-O SWR at the source end of the balun increases with frequency, due 
to the reduction in resistance, which is below 50 Q throughout. 


Test 2: 220 Q: Increasing the resistance to 20 Q above the target load impedance (200 Q) 
does not yield identical results in the scan, since the ideal impedance for the balun is about 186 
Q. However, as shown in Fig. 4, the balun functions quite well under the conditions. The same 
lines overlap as in the previous test, and the SWR line is barely above the 1:1 marker. 


Min SWR = 1.027 @ 32.800 MHz File: 221r4.scn Zmag AVG= 16 
aon Resonant freq: 5.4122 , 5.7795 , 5.8186 Rs,Xs__ Theta 
i 100 
Freq = 18 
Freq Step = 0.100 
Zo= 50.000 
SWR = 1.053 


Zmag= 52.448 
Theta = -1.187 
Refi Coef = 0.026 
% refl power = 0.1 


Equivalent Circuit: 
Rs = 52.437 
Xs= -1.086 

Cs = 8139.599 pF 
FILES: 
default_cal.acal 


FREQ (2.00 MHzidiv) 


-50 50 default_config.cfg 
CUSTOM CAL 
-100 100 
Mar 17,08 10:17:26 
Dual 50-Ferrite Bead (#73)/RG62 4:1 Balun: Load 221.5 Ohms Fig. 4 
Test 2: Balun with resistive load of 221.4 Ohms 
Load R IdeallnR Ld SWR In SWR 
221.4. 55.350, 1190. 1.107 
Freq SWR50 R x AdjldR Adj Id X 
3.5 1.08 53.74 0.47 55.11 -0.36 


7.0 1.07 53.66 -0.22 55.09 -0.70 
14.0 1.06 52.85 -0.93 55.05 -1.39 
28.0 1.03 51.12 -1.24 54.97 -2.76 
Delta | 0.04 . 2.62. -41.71 
As in the first test, the resistance decreases with frequency, but the reactance becomes 
more capacitive. Since the loads resistors become more capacitively reactive with rising 
frequency, the actual reactance may run from about j0.3 Q to j1.1 Q from 80 through 10 meters. 
Because the resistance is above 50 Q throughout, the 50-O SWR decreases with rising 
frequency. Above and below the ideal impedance, the trends in resistance, reactance and 50-0 
SWR show reverse tendencies. Lets examine the tests below 180 Q to determine if these 
trends continue to hold. 


Test 3: 150 Q and Test 4: 100 Q: The graphs for the third and fourth tests appear in Fig. 5 
and in Fig. 6. The resistive component line continues to be quite flat for both lower resistive 
loads. The reactance grows more rapidly with decreasing resistive values as loads, but any 
contribution by the load resistor itself is minuscule. The source-end SWR relative to 50 Q 
continues to increase, but the rate is not consistent with the target 200-O load-end value. 
However, SWR values are consistent with a load-end ideal of about 186 Q. 


Min SWR = 1.337 @ 4.200 MHz File: 152r0.scn Zmag AVG= 16 
i ia i - Rs,Xs Theta 
A 100 100 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.366 
Zmag= 36.749 
5.0 0 Theta= 2.785 
4.0 Refl Coef = 0.155 
3.0 % refl power = 2.4 
2.0 
1.0 
0 Equivalent Circuit: 
33.00 Rs= 36.706 
FREQ (2.00 MHzédiv) as ane uh 
FILES: 
default_cal.acal 
-50 50 default_config.ctg 
CUSTOM CAL 
-100 100 
Mar 17,08 10:14:14 
Dual 50-Ferrite Bead (#73)/RG-62 4:1 Balun: Load 152.0 Ohms Fig. 5 
Min SWR = 1.944 @ 4.800 MHz File: 100r3.scn Zmag AVG= 16 
i Pia Rs,Xs_ Theta 
° 100 100 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
70 Zo= 50.000 
6.0 SWR = 1.983 
Zmag = 25.602 
5.0 50 O Theta= 7.642 
4.0 Refl Coef = 0.329 
3.0 % refl power = 10.9 
2.0 
1.0 
0 


Equivalent Circuit: 
3.00 13.00 23.00 33.00 Rs= 25.374 


FREQ (2.00 MHzidiv) ga Epes G 


FILES: 
default_cal.acal 
-50 50 default_config.ctg 


CUSTOM CAL 
-100 100 
Mar 17,08 10:11:40 


Dual 50-Ferrite Bead (#73)/RG-62 4:1 Balun: Load 100.3 Ohms Fig. 6 


Test 3: Balun with resistive load of 152.0 Ohms Test 4: Balun with resistive load of 100.3 Ohms 


Load R | Ideal In R| Ld SWR |In SWR Load R | Ideal In R Ld SWR | In SWR 

162.0, 38.000, 1.224, 1.316 100.3, 25.075, 1.854, 1.994 
Freq SWR50 R X AdjldR AdjidX Freq SWR50 R X AdjldR AdjidX 

3.5 134 37.41 0.80 3786 0.15 35 1.95 25.65 090 25.06 0.03 

7.0 135 37.21 086 3785 022 7.0 1.96 25.59 1.45 25.06 0.09 

14.0 1.36 36.88 135° 37.83 -0.38 14.0 1.97 25.45 2.63 25.06 0.20 

28.0 1.39, (36.14 290 3778 -068 28.0 201 25.22 5.26 25.05 0.42 
Delta | O06, 127, 2.10 Delta | O06, 043, 4.36 


Placing the tables side by side allows us to compare the rate of change in the delta values 
as well as to confirm the trends in the initial tables. Resistance decreases with rising frequency, 
while the reactance becomes more inductive. The SWR also steadily increases with frequency 
in both cases. Notably, as we mismatch the load impedance to the balun’s load end with values 
below the ideal, the rates of change with frequency increase with the increasing mismatch. We 
may also note that the frequency at which the theoretical input-side SWR occurs increases with 
the increasing mismatch for loads less than about 186 Q. 


Test 5: 295 Q and Test 6: 390 Q: To determine whether the opposing trends are also 
general, Fig. 7 graphs the data for a load of 295 Q, while Fig. 8 does the same for a load of 390 
Q. The side-by-side tables provide the associated numerical data for the two extensions of the 
initial load of 220 QO. The most general trend that we can immediately observe with higher load 
resistance values is the almost linear decline in resistance and the rising capacitive reactance 
with the rising frequency and load value. 


Min SWR = 1.342 @ 32.700 MHz File: 296r5.scn Zmag AWG= 16 
SWR Resonant freq: 3.1942 , 3.2072 , 3.4239 i Rs,Xs_ Theta 


Freq = 18 
Freq Step = 0.100 
Zo= 50.000 


SWR = 1.395 
Zmag= 69.084 
Theta = -4.481 


Refi Coef = 0.165 
% refl power = 2.7 


Equivalent Circuit: 
Rs = 68.873 


7 Xs = -5.397 
FREQ (2.00 MHzédiv) Cs = 1638.244 pF 
FILES: 
default_cal.acal 
-50 50 default_config.ctg 
CUSTOM CAL 
-100 100 
Mar 17,08 10:18:49 
Dual 50-Ferrite Bead (#73)/RG2 4:1 Balun: Load 296.5 Ohms Fig. 7 
Test 5: Balun with resistive load of 296.5 Ohms Test 6: Balun with resistive load of 391.5 Ohms 
Load R= Idealln R Ld SWR In SWR Load R = IdeallnR Ld SWR In SWR 
296.5, 74.125, 1.594. 1.483 391.5. 97.875, 2105. 1.958 
Freq SWR50 R x Adj ld R= Adj Id x Freq SWR50 R x Adj ld R= Adj Id x 
3.5 1.44 71.76 -0.13 73.91 -0.42 3.5 1.87 93.31 -1.07 97.40 -1.37 
7.0 1.43 71.27 -2.13 73.86 -1.10 7.0 1.86 92.38 -5.07 97.27 -2.61 
14.0 1.41 69.77 -4.29 73.75 -2.46 14.0 1.83 89.72 -10.18 97.01 -5.08 
28.0 1.36 66.24 -7.13 73.55 -5.19 28.0 1.75 82.66 -16.22 96.50 -10.03 


Delta N 0.08 5.52 -7.00 Delta 0.12 10.65) -15.15 


` `à ` ` 


Min SWR = 1.728 @ 32.800 MHz File: 391r5.scn Zmag AVG= 16 
SWR Rs,.Xs__ Theta 
100 | 100 


9.0 
Freq = 18 

8.0 Freq Step = 0.100 

7.0 Zo = 50.000 

6.0 SWR = 1.806 
Zmag= 88.680 

a 0 Theta= -7.889 

40 Refl Coef = 0.287 

3.0 % refl power = 8.3 

2.0 


Equivalent Circuit: 
33.00 Rs= 87.841 

Ms = -12.171 
Cs = 726.476 pF 
FILES: 
default_cal.acal 

50 default_config.cfg 


FREQ (2.00 MHzidiv) 


CUSTOM CAL 
-100 
Mar 17,08 10:20:35 


Dual 50-Ferrite Bead (#73)/RG-62 4:1 Balun: Load 391.5 Ohms Fig. 8 


Although the resistance increments might suggest SWR values corresponding to those for 
the lower resistance tests, the values are higher, since the ideal load is less than 200 Q. 
However, in both supplementary tests, the SWR decreases with frequency, just as does the 
resistive component of the source-end impedance. As well, the reactance becomes more 
Capacitive as we increase the scanned frequency. 


As we depart further from the ideal load resistance, the amount of increase with rising 
frequency also grows. Moreover, the frequency at which the theoretical SWR actually occurs 
becomes lower as we increase the mismatch between the load and the balun’s load end. 
Nevertheless, the dual ferrite bead 4:1 balun appears to provide quite good impedance 
transformation service across the HF range for load SWR values up to 2:1 in either direction 
from the ideal—at least in applications that do not challenge the power-handling capabilities of 
the choke assemblies. In the scans, we find no anomalous frequencies, although the 0.1-MHz 
increments between test steps are small enough to detect almost any spike that might occur. 


Test 7: 560 Q: | used a 560-0 load that provided the load end of the balun with an SWR 
value outside the desirable (2:1) range. The load SWR is just over 3.0:1, although the source- 
end of the balun should show a 50-O SWR below about 2.8:1. Fig. 9 provides the graph of 
values, with the Y-axis scale expanded to handle impedance magnitude and resistance values 
greater than 100 Q. 


Nevertheless, in this low power test situation, the graph shows no visible anomalies. The 
trends that we saw in tests with resistive loads higher than the ideal balun input impedance 
simply continue to grow with the increasing mismatch between the balun’s load end and the 
load itself. However, not all of the lines may be as linear as they initially appeared with smaller 
load values. For example, the reactance begins to level off at higher frequencies, as borne out 
by the data in the test table. It is possible that the capacitive reactance of the load resistors may 
provide up to 1/3 of the total measured capacitive reactance. On the other side of the coin, 
above 7 MHz, the rate of resistance decrease is almost linear. 


Test 7: Balun with resistive load of 561.0 Ohms 
Load R  Idealln R Ld SWR In SWR 
561.0, 140.250, 3.016, 2.805 
Freq SWR50 |R X AdjldR AdjidX 
3.5 2.65 132.45 -3.28 139.62 -2.61 
7.0 2.63 130.29 -12.31 139.40 -5.13 
14.0 2.56 122.75 -23.38 138.56 -10.16 
28.0 2.43, 107.11 -35.50 136.87 -20.23 
Delta | 0.22, 2534. -32.22 
With a high SWR (>3:1) on the load side of the balun, the input-side impedance may prove 
to be less predictable than we like to expect of a balun as we change the operating frequency 
from one end of the spectrum to the other. The tests themselves do not permit a determination 
of all of the factors involved, although speculative calculations may turn up several potential 
sources including balun losses. (Common-mode currents are unlikely, since | added about 17” 
of RG142 in the form of an additional common-mode ferrite bead choke, and the measured 
values at the test frequencies were consistent with the calculated impedance transformation 
created by the length of added cable.) 


The increasing slope of both the resistance and reactance curves with rising load values is 
moderate but noticeable. Although these notes have registered the possible effect of the 
capacitive reactance of higher-value resistors used as loads, the effects of the RG-62 cables 
used as a foundation for the balun remain unanalyzed. With rising frequency, the cable length 
(about 10.5”) becomes slightly more significant as we also change the load to create a larger 
mismatch between the load impedance and the 186-0 impedance of the balun. In addition, the 
ferrite beads used for the structure also have somewhat indeterminate frequency limits. While 
all of the noted factors may play some role in the sloping curves, the nature of the present test 
procedure cannot sort out the practical role of each factor. 


Test 8: 181.2 —j117.3 O @ 14 MHz: A full test sequence would devise many loads for the 
dual ferrite 4:1 balun with varying levels of reactance in the load. Because all such tests are 
frequency specific, we shall just use one example, a load of 181.2 Q resistance with a 
capacitive reactance of -j117.3 Q representing a 96.9-pF capacitor at 14 MHz. The graph for 
this combination appears in Fig. 10, which uses a scan restricted to the region from 13 to 15 
MHz. The cursor for the scan rests on the target frequency and so the values on the right side 
of the graph read out the measured values of 50-Q SWR, resistance, and reactance at the input 
side of the balun assembly. The impedance is 44.78 — j34.51 Q, yielding a 50-O SWR value of 
1.978 at 14 MHz. (Note once more that reported values use excess decimal places relative to 
the specified accuracy limits of the AIM instrument.) Ideally, the 4:1 balun should yield values of 
both resistance and reactance that are close to % the load values, or 45.3 —j29.3 Q. The dual 
ferrite bead balun comes within a few Ohms of the ideal. 


Test 8: Balun with a complex load of 181.2 - j117.5 Ohms 
Ideal SWR: 1.976:1 Ideal R-X: 45.3 - j29.5 Ohms 
Dual Ferrite Bead Balun 
Freq SWR50 R x 
13 2.15 45.38 -37.06 
14 2.06 44.78 -34.51 
15 1.98 44.40 -32.26 


Min SWR = 1.983 @ 14.900 MHz File: 181r5-96.scn Zmag AVG= 16 
SWR Rs,Xs__ Theta 
100 | 100 


9.0 
Freq = 14 

8.0 Freq Step = 0.100 

7.0 Zo = 50.000 

6.0 SWR = 2.058 
Zmag = 56.533 

so 0 Theta = -37.621 

4.0 Refl Coef = 0.346 

3.0 % refl power = 12.0 

2.0 


Equivalent Circuit: 
15.00 Rs= 44.778 

Xs = -34.510 

Cs = 329.417 pF 
FILES: 
default_cal.acal 

50 default_config.cfg 


FREQ (0.10 MHz/div) 


CUSTOM CAL 


-100 
Mar 17, 08 10:23:42 


Dual 50-Ferrite Bead (#73)/RG-62 4:1 Balun: Load 181.5 - j117.3 Ohms Fig. 10 


Within the boundaries of this limited test, the resulting values are quite reasonable, with a 
50-QO SWR value that approaches 2:1, as designed by the selection of components. Tests at 
other frequencies, of course, would require hand selection of load components to yield results 
that permit transparent comparisons. 


Conclusions 


When used within 2:1 SWR limits, the dual-ferrite bead 4:1 balun appears to perform quite 
normally and well for its intended purpose. The tests in this series checked only the impedance 
transformation and not the consequences of operating the balun near, at, or beyond its power 
handling limits. Nor do the present tests measure the common-mode current attenuation of the 
balun. Within these preliminary test restrictions, the performance is smooth across the HF 
spectrum, but not without some trends that show widening ranges of input-side impedance 
changes with increasing or decreasing operating frequencies. However, for SWR values up to 
2:1, the variations fall within easily managed limits. 


Special Note 


Measurements show that for the dual ferrite-bead 4:1 balun, with loads higher than the ideal 
load impedance, the resistance value at the input decreases with rising frequency. At the same 
time, the input reactance becomes increasingly capacitive for the same frequency range. The 
higher that the load resistance is relative to an ideal load, the steeper that the curves become 
for both resistance and reactance. At the same time, the 50-O SWR values calculated for the 
resistance and reactance remain relatively constant, even with the 561-Q load. 


The behavior of the resistance and reactance for loads that are not matched to the balun’s 
characteristic impedance and configuration do not represent material limitations or similar 
possible flaws in design. Rather, they are inherent factors in the design itself. The balun 
consists of approximate 1’ sections of transmission line operated over a wide frequency range. 


When we attach a load to a simple transmission line that is higher than the line’s characteristic 
impedance, the input end of the line will show values of resistance and reactance follow the 
same patterns displayed by the balun. In fact, the calculated values for simple lines are within a 
few percent of the measured values for the balun. Since the load resistors for these tests are 
not perfect, and since the test measurements have a limited range of precision, it is not possible 
to separate the transmission-line impedance transformation with unmatched loads from any 
other source of variation. For practical purposes, the values shown by the measurements are in 
accord with the behavior of the loads relative to the impedance transformation properties of the 
transmission lines that underlie them. 


The tests leave several open questions that call for further testing and comparisons. We 
have noted the difference between minimum power bench tests and normal operating power 
levels. Bead heating, especially at the load end of the balun, may result in additional 
performance departures from the ideal. As well, we have the matter of the source of the trends 
in resistance and reactance variation that call for a different set of measurements to decide—or 
a different test set-up—or both. In addition, it might be useful to perform an equivalent set of 
tests with a single-core (or core stack) balun wound with carefully spaced wires to compare the 
trends in impedance as we move across the HF spectrum. In the end, these notes are but a 
start toward full testing, but the start is sufficient to establish the basic impedance transformation 
function. However, the remaining questions may ultimately prove equally interesting. 


My thanks go to Press Jones, N8UG, for supplying the balun materials for these very 
preliminary tests. 


The Impedance-Transformation Properties of Common 4:1 Balun Types 
Part 3: Voltage Baluns: Some Preliminary Measurements 


L. B. Cebik, W4RNL 


Perhaps the most common 4:1 balun is the voltage type, shown schematically in Fig. 1. The 
unit consists of two series windings, with a ground (common to the input connector ground) at 
the junction. The dots in the photo indicate the start of a bifilar winding, a parallel run of two 
wires around the core. In the past, many voltage baluns used air cores, but since the advent of 
the age of easily available ferrite and powdered iron cores, most voltage baluns have used them 
to produce compact devices that are relatively free of unwanted coupling. The most usual core 
for the task is the T200-2 powdered iron core where u = 10 (or for coverage down to 1.8 MHz, 
the T200-1 for which u = 20). We can easily recognize the T200-2 core by its red paint job. 

(Mix 1 is normally blue.) The core has a 2” outside diameter and is about 0.5” thick. 


Fig. 1 


„End 4 


Balanced 


Single-Ended 
(Unbalanced) 


Conventional 4:1 Voltage Balun 


This set of notes will examine two examples of voltage baluns. One is a commercial unit, 
while the other is a homemade unit. The units differ in the number of bifilar turns and the 
number of cores in the stack. We shall be interested both in their similarities and their 
differences. 


The MFJ-911 W9INN 4:1 Balun Box 


Bob Cerreto, WA1FXT, was kind enough to loan me his 10-year-old MFJ-911 4:1 voltage 
balun. In the current catalog, MFJ describes the unit in the following terms: 


MFJ-912: 1.8 - 30 MHz W9INN Balun Box: Price: $69.95: Use coax from antenna tuner to 
MFJ-912 mounted outside. MFJ-912 converts unbalanced coax to balanced transmission 
line (ladder). Giant 2-core 4:1 balun wound with Teflon wire connects to high voltage 
ceramic feedthru insulators. Handles full legal limit with ease. SO-239 connector. 


The giant double core turns out to be 2 toroidal cores (probably T200-2) with a 2” outside 
diameter and a total thickness of about 1”. The winding consists of two wires wound for 18 
turns in the same direction with somewhat random spacing between them. The windings 
appear to be #18 or possibly #16 insulated wires. 


| subjected the unit to the same battery of tests that | applied to the Wireman W2DU-type 
balun kit. Fig. 2 shows the test set-up. In common with the earlier tests, | used a 3” RG-58 
connecting cable, but calibrated out of the measurements. Each test resistor connects across 
the wide-spaced output terminals. The resistors were all %-watt carbon-film types, pre- 
measured for value. The bottom plate of the balun in the photo has been removed to show the 
interior, including the routing of some wires against the case sides. The insulating plates for the 
large bolt appear to be Bakelite or a similar material. 


Test Set-Up and Interior View of Old Balun 
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MFJ-912 4:1 Balun (YVSINN Design) 


Fig. 2 


We shall use the same set of loads for testing the impedance transformation properties of 
the voltage balun, and the results will have the same appearance. Graph lines will include 
resistance (orange), reactance (ochre) and the 50-Q SWR (red) over the 3 to 30 (33) MHz 
range. Test tables will show basic sample measurement values for 3.7, 7.0, 14.0, and 20.0 
MHz. The column headings SWR50, R, and X correspond to the lines on the graph at the 
designated frequencies. The entries contain sufficient decimal places to allow easy 
identification of trends. The graphs have two supplemental sets of values. At the top is the load 
value based on the DC resistance measurement of the test resistor. Beside it is the calculated 
“ideal” input resistance based on that load value followed by the 4:1 theoretical impedance 
transformation of the balun. The right two columns take into account the scans of the actual 
load resistors and create adjusted “ideal” resistance and reactance values based on simple 
proportional-parts calculations. The goal is to provide an estimate of the input values that might 
be produced by an ideal 4:1 balun 


Test 1: 180 Q and Test 2: 220 Q: Since the nominal design load impedance for the 4:1 
balun is 200 Q, we may combine the first two tests. The resistor values bracket the nominal 
load value. Along with the two side-by-side test tables, Fig. 3 and Fig. 4 provide the basic 
performance data. 


Test 1: Balun with resistive load of 181.2 Ohms Test 2: Balun with resistive load of 221.4 Ohms 
Load R idealin R Ideal SWR Load R  Idealln R Ideal SWR 
181.2, 45.300, 1.104 221.4. 55.350, 1.107 
Freq SWR50 R x Adj ld R= Adj Id x Freq SWR50 R x Adj ld R= Adj Id X 
3.5 1.35 44.89 13.20 45.54 -0.19 3.5 1.38 54.29 16.43 55.11 -0.36 
7.0 1.25 45.92 9.97 45.52 -0.37 7.0 1.22 56.06 8.73 55.09 -0.70 
14.0 1.38 42.34 12.68 45.50 -0.74 14.0 1.15 49.68 6.76 55.05 -1.39 


28.0 2.94 27.09 34.89 45.46 -1.49 28.0 2.64 27.21 29.50 54.97 -2.76 


Min SWR = 1.252 @ 7.000 MHz File: mfj181-scn Zmag AVG= 16 


Freq = 18 

Freq Step = 0.100 
Zo= 50.000 

SWR = 1.561 
Zmag= 42.223 
Theta = 22.847 
Refi Coef = 0.219 
% refl power = 4.8 


Equivalent Circuit: 


Rs = 38.910 
; Xs= 16.394 
FREQ (2.00 MHz/div) Ls= 04145 uH 
FILES: 
default_cal.acal 
-50 50 default_config.cfg 
CUSTOM CAL 
-100 100 
Mar 17,08 14:13:56 
MFJ-912 4:1 Balun: Load 181.2 Ohms Fig. 3 
Min SWR = 1.137 @ 12.300 MHz File: mfj220.scn Zmag AVG= 16 
F By i ___Rs,Xs_Theta 
i 100 100 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.275 
Zmag= 44.975 
2 0 Theta= 12.385 
4.0 Refl Coef = 0.121 
3.0 % refl power = 1.5 
2.0 
1.0 
0 Equivalent Circuit: 
33.00 Rs= 43.928 
i Xs= 9.646 
FREQ (2.00 MHz/div) Ls= 0.085 uH 
FILES: 
default_cal.acal 
-50 50 default_config.cfg 
CUSTOM CAL 
-100 100 
Mar 17,08 14:15:43 
MFJ-912 4:1 Balun: Load 221.4 Ohms Fig. 4 


The windings of a typical voltage balun, such as the 911, make no effort to approximate a 
parallel transmission line or to sustain a constant spacing. Hence, the nominal impedance load 
and its counterpart 50-Q input value are somewhat arbitrary numbers. The selection of a T200- 
2 (red) core pair and fixing of the number of turns have largely evolved from experience. 


For both loads, the SWR indicates serious departures from a 4:1 impedance transformation 
in the upper portion of the HF spectrum. The reactance becomes increasingly inductive with a 


rate of increase that rises with frequency. At the same time, the resistance curve shows 
decreasing values with the rising frequency. Both the graphs and the test tables indicate 
incipient problems at the lower end of the spectrum. Near 3 MHz, the resistance decreases, 
while the inductive reactance increases. Had the scan extended to the specified lower 
frequency limit for the unit, 1.8 MHz, the curves would become more vivid. In terms of the 
values shown in the test tables, the unit approaches the calculated ideal values most closely in 
the vicinity of 14 MHz, with deviant values at all other tabulated frequencies. 


Test 3: 152 Q and Test 4: 100 Q: With resistive loads below the nominally best value (200 
Q), the progression of resistance values across the total frequency span flattens out (at 150 Q) 
and reverses direction (at 100 Q) relative to nearly nominal loads. However, the rate of 
increase of the reactance (always inductive when the load is lower than the nominal) increases 
as we reduce the load resistance. The test tables show that the measured input resistance 
values are always less than the calculated ideal values for each of the two loads. For both 
lower load values the SWR curve grows steeper as we decrease the load resistance value. 
Despite these changes in the precise shape of the curves, lower load values continue the 
general properties that we observed with nearly nominal loads, especially in terms of the 
frequency limit of effectiveness for the balun. 


Fig. 5 and Fig. 6 provide full scan curves for the lower impedance loads, with the test tables 
sandwiched between them. 


Min SWR = 1.420 @ 5.500 MHz File: mfj150.scn Zmag AVG= 16 
won Rs,Xs__ Theta 
: 100 [100 


9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.862 
Zmag = 40.282 
5.0 0 Theta= 31.424 
4.0 


Refi Coef = 0.301 
% refl power = 9.1 


Equivalent Circuit: 
33.00 Rs= 34.373 

Xs = 21.002 
Ls= 0.186 uH 
FILES: 
default_cal.acal 


FREQ (2.00 MHzidiv) 


-50 50 default_config.ctg 
CUSTOM CAL 
-100 100 
Mar 17,08 14:12:25 
MFJ-912 4:1 Balun: Load 152.0 Ohms Fig. 5 
Test 3: Balun with resistive load of 152.0 Ohms Test 4: Balun with resistive load of 100.3 Ohms 
Load R idealin R Ideal SWR Load R  Idealin R Ideal SWR 
152.0, 38.000, 1.316 100.3, 25.075, 1.994 
Freq SWR50 R x Adjld R= Adj Id x Freq SWR50 R x Adjld R= Adj Id x 
3.5 1.46 37.74 11.25 37.86 -0.15 3.5 2.06 25.14 8.39 25.06 0.03 
7.0 1.43 38.49 10.80 37.85 -0.22 7.0 2.11 25.49 11.77 25.06 0.09 
14.0 1.64 36.45 16.31 37.83 -0.38 14.0 2.45 25.13 21.39 25.06 0.20 


28.0 3.30 26.87 39.32 37.78 -0.68 28.0 4.57 21.96 4771 25.05 0.42 


Min SWR = 2.046 @ 4.200 MHz File: mfj100.scn Zmag AVG= 16 


Freq = 18 
Freq Step = 0.100 
Zo= 50.000 


SWR = 2.789 
Zmag= 36.952 
Theta = 48.337 
Refl Coef = 0.472 
% refi power = 22.3 


Equivalent Circuit: 
Rs= 24.564 

Xs = 27.605 
Ls= 0.244 uH 
FILES: 
default_cal.acal 
-50 50 default_config.cfg 


FREQ (2.00 MHzidiv) 


CUSTOM CAL 
-100 100 


Mar 17,08 14:10:59 


MFJ-912 4:1 Balun: Load 100.3 Ohms Fig. 6 


Test 5: 295 Q and Test 6: 390 Q: See Fig. 7 and Fig. 8, along with the table of sample test 
values. When we employ loads higher than the nominal 200-O value but restrict them to the 2:1 
SWR limit, we obtain somewhat different curves. Note especially the increasing reactance at 
the low end of the frequency sweep. With both load values, the reactance becomes capacitive 
between about 8 and 18 MHz. The resistance curves show a peak in the vicinity of 5 MHz, with 
a decreasing value at the lowest end of the scan range. The overall resistance and reactance 
behaviors of the voltage balun with the two higher loads become quite complex. 


Min SWR = 1.039 @ 18.200 MHz File: mfj296.scn Zmag AVG= 16 
SWR Resonant freq: 9.2906 , 19.3917 Rs,Xs Theta 
10. —— — 
100 

Freq = 18 
Freq Step = 0.100 
Zo= 50.000 
SWR = 1.042 


Zmag= 49.411 
Theta = -2.261 
Refi Coef = 0.021 
% refl power = 0.0 


Equivalent Circuit: 
Rs = 49.372 

Xs = -1.949 

Cs = 4535.878 pF 
FILES: 
default_cal.acal 
-50 50 default_config.ctg 


FREQ (2.00 MHzidiv) 


CUSTOM CAL 
-100 100 


Mar 17,08 14:17:09 
MFJ-912 4:1 Balun: Load 296.5 Ohms Fig. 7 


Test 5: Balun with resistive load of 296.5 Ohms Test 6: Balun with resistive load of 391.5 Ohms 


LoadR  Idealln R Ideal SWR Load R IdeallnR Ideal SWR 
296.5, 74.125, 1.483 391.5. 97.875 | 1.958 
Freq SWR50 R x Adjld R= Adj Id X Freq SWR50 R x Adjld R= Adj Id x 
3.5 1.68 69.91 23.70 73.91 -0.42 3.5 2.15 58.24 35.18 97.40 -1.37 
7.0 1.50 73.95 6.05 73.86 -1.10 7.0 1.93 96.46 0.98 97.27 -2.61 
14.0 1.22 59.95 -4.23 73.75 -2.46 14.0 1.58 68.63 -19.60 97.01 -5.08 
28.0 2.47 25.55 22.85 73.55 -5.19 28.0 2.53 22.67 17.29 96.50 -10.03 
ig SWR = 1.296 @ 20.200 MHz File: mfj391.scn Zmag AVG= 16 
wane i Resonant freq: 7.1532 , 23.6316 g _ g Rs,Xs_ Theta 


100 


9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.357 


Imag = 53.883 


20 0 ‘Theta = -16.699 
49 Refl Coef = 0.151 
3.0 % refl power = 2.3 


@ Equivalent Circuit: 
j 33.00 Rs= 51.610 
G Xs = -15.483 


“UU Miizidiv) Cs = 571.070 pF 

FILES: 
default_cal.acal 

-50 50 default_config.cfg 

CUSTOM CAL 
-100 100 
Mar 17,08 14:18:47 
MFJ-912 4:1 Balun: Load 391.5 Ohms Fig. 8 


The tabular values show a widening distance between the values for 3.5 MHz and 28 MHz 
as we increase the load values. The increasing load values also reduce the frequency at which 
the test unit most closely approaches the calculated ideal transformation values. 


Test 7: 560 Q: The final test that uses a purely resistive load increases the ideal SWR value 
to nearly 3:1. The test table and Fig. 9 provide evidence of the extension of the trends that 
began to emerge with the 220-O resistive load and continued with increases in the load 
resistance. Above 7 MHz, the resistive component of the balun input impedance shows an 
ever-increasing rate of decrease. With a 3:1 SWR, the highest value in the sweep almost 
reaches the theoretically ideal value near 7 MHz and, at all other points, is below that value. 
Across the scan range, the reactance swing also grows in step with the increasing load value. 
Even though the input impedance at 28 MHz has an SWR value that is seemingly near the 
proper mark, the actual impedance transformation is far from 4:1. 


Test 7: Balun with resistive load of 561.0 Ohms 
Load R = Idealln R Ideal SWR 
561.0, 140.250, 2.805 
Freg SWR50 R X Adjld R= Adj Id X 
3.5 3.06 115.27 60.86 139.82 -2.61 
7.0 2.78 137.70 -11.11 139.40 -5.13 
14.0 2.27 74.85 -45.20 138.56 -10.16 
28.0 2.90 18.37 12.08 136.87 -20.23 


Min SWR = 2.031 @ 20.100 MHz File: 3-561 .scn Zmag AVG= 16 
SWR Resonant freq: 6.1666 , 26.5305 _ Rs.Xs__Theta 
150 100 


9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo = 50.000 
6.0 SWR = 2.080 
Zmag = 55.946 
sa 0 Theta = -38.182 
4.0 Refl Coef = 0.351 
3.0 % refl power = 12.3 
2.0 
1.0 


Equivalent Circuit: 
33.00 Rs= 43.976 

Xs = -34.584 
Cs = 255.668 pF 
FILES: 
default_cal.acal 
-75 50 default_config.cfg 


CUSTOM CAL 


-150 100 
Mar 17, 08 14:37:36 


MFJ-912 4:1 Balun: Load 561.0 Ohms Fig. 9 


Test 8: 181.2 —j117.3 O @ 14 MHz: A full test sequence would devise many loads for the 
4:1 voltage balun with varying levels of reactance in the load. Because all such tests are 
frequency specific, we shall just use one example, a load of 181.2 Q resistance with a 
capacitive reactance of -j117.3 Q representing a 96.9-pF capacitor at 14 MHz. The graph for 
this combination appears in Fig. 10, which uses a scan restricted to the region from 13 to 15 
MHz, with the blue marker line centered over 14 MHz. The scan seems to show that nothing is 
amiss in the relatively flat curves. The test table shows that the change of reactance in the 14- 
MHz vicinity is not much greater for the present balun than for the ferrite balun numbers, 
presented to the right. In fact, the present balun seems to provide a better SWR than the ferrite 
version, which showed values close to the calculated ideal numbers. 


Test 8: Balun with a complex load of 181.2 - j117.5 Ohms 
Ideal SWR: 1.976:1 


MFJ-912 
Freq SWR50 R x 
13 1.85 32.43 -17.87 
14 1.80 31.17 -13.95 


15 1.77 30.10 -10.34 


Although the average balun user might take the lower SWR as a sign of good performance, 
it actually indicates just the opposite. Within SWR limits of 2:1, we may roughly calculate the 
appropriate input resistance and reactance at % their load values. The dual ferrite balun input 
values quite closely approach the ideal values (45.3 — j29.3 Q). In contrast, the present balun 
unit creates input resistance values far below the calculated level, with reactance levels that are 
far more inductive than the “ideal” value. A good input SWR value is not itself a signal that an 
impedance transformation device is performing well its design function. Very often, amateurs 
employ only a single SWR meter between the transceiver and either the balun or an ATU with a 
balun installed. As a result, the voltage-balun user normally has no idea of what the actual 
impedance transformation in the balun may be. 


Min SWR = 1.767 @ 14.900 MHz File: mfj181-96.scn Zmag AVG= 16 


10 Rs,Xs__ Theta 

° 100 100 
9.0 

Freq = 14 

8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.796 
50 50 0 Zmag= 34.147 


Theta = -24.118 


4.0 Refi Coef = 0.285 
% refl power = 8.1 


Equivalent Circuit: 
13.00 13.50 14.00 1 00 Rs= 31.166 
7 Xs = -13.953 
FREQ (0.10 MHzi/div) Cs = 814.738 pF 
FILES: 
default_cal.acal 
-50 50 default_config.cfg 


CUSTOM CAL 
-100 100 
Mar 18, 08 04:22:01 


MFJ-912 4:1 Balun: Load 181.2 - j117.3 Ohms Fig. 10 


The test unit under a fairly wide variety of load values performs its main function—a 4:1 
impedance transformation—only within a relative small frequency range between the 40-meter 
and 20 meter amateur bands. Outside of that region, the unit shows resistance and reactance 
curves with characteristics that exceed expectations in a unit designed to serve from 1.8 to 30 
MHz. The higher-frequency aberrations occur with all loads, while with load values above the 
nominal 200-Q value, the lower-frequency range also shows deviant characteristics. Compared 
to the dual ferrite balun, the present unit does not come close to serving the entire HF spectrum 
with a 4:1 impedance transformation. 


Given the age of the unit and somewhat casual lead wiring, one might well question whether 
the characteristics shown by the scans are functions of the idiosyncrasies of the particular unit 
or generic to 4:1 voltage baluns that use T200 cores. Therefore, we may usefully examine a 
second unit of the same general design. 


A 3-Core Homebrew 4:1 Voltage Balun 


In the mid-1980s, | built a 3-core 4:1 voltage balun to the best specifications of the day. The 
T200-2 cores form a stack 1.5” tall. | wrapped them in glass tape to fix their relative positions 
and to improve insulation between the powdered iron core material and the windings. The 15 
bifilar turns used AWG #14 wire with Teflon insulation to cover 3.5 through 30 MHz. 


Because the balun had an indoor place during the tests for which | constructed it, the base 
is a simple piece of perfboard. The unit has minimal hardware. | used 20-lb nylon line to hold 
the cores in place on the perfboard and to wrap the windings. An SO-239 is the input 
connector, while ceramic insulators serve as output terminals. With no box to dictate connector 
positions, the balun uses the shortest practical leads at both ends. Fig. 11 shows the unit in its 
test set-up. All components of the set-up are the same as for the first voltage-balun test runs 
except the balun itself. My only concession to the test situation was to remove 25 years of dust 
from the unit. 


Test Set-Up and Construction of a Homebrew Balun Fig. 11 


AlM4170 


RG-58-A/U 
(3") 


Homebrew 
3-Core 
15-Turn 
4:1 Yoltage 
Balun 


Since the tests employ the same load resistors used for all other balun tests in this collection 
of notes, you may directly correlate the graphs and test tables for the 3-core balun with those for 
the MFJ-911. Apart from any comments that | may make along the way, you may draw your 
own conclusions concerning common traits and differences. 


Test 1: 180 Q and Test 2: 220 Q: Fig. 12 and Fig. 13 show the curves for the two resistive 
loads that bracket the nominal load. The side-by-side tables appear between the graphs. 
Perhaps the most striking feature is their resemblance to the MFJ-911 graphs in Fig. 3 and Fig. 
4. The 3-core resistance and reactance drop lower at 28 MHz than corresponding 911 values. 


Min SWR = 1.186 @ 8.800 MHz File: 3-180.scn Zmag AVG= 16 
wanes Rs,Xs Theta 
i 100 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.467 
Zmag = 38.667 
5.0 0 Theta= 15.906 
4.9 Refl Coef = 0.189 
3.0 % refl power = 3.6 
2.0 
1.0 


Equivalent Circuit: 
3.00 13.00 23.00 33.00 Rs= 37.186 


FREQ (2.00 MHzidiv) ae pod di 


FILES: 
default_cal.acal 
-50 50 default_config.ctg 


CUSTOM CAL 
-100 100 
Mar 17,08 14:31:02 
3-Core 4:1 Balun: Load 181.2 Ohms 
Fig. 12 


Test 1: Balun with resistive load of 181.2 Ohms 
Load R  Idealln R Ideal SWR 
181.2. 45.300, 1.104 
Freq SWR50 R x Adj ld R= Adj Id x 
3.5 1.33 45.91 13.08 45.54 -0.19 
7.0 1.20 46.86 8.04 45.52 -0.37 
14.0 1.29 41.56 7.91 45.50 -0.74 
28.0 277 23.47 24.90 45.46 -1.49 


Min SWR = 1.070 @ 11.700 MHz File: 3-220.scn 


3.00 13.00 
FREQ (2.00 MHzidiv) 


CUSTOM CAL 


Mar 17, 08 14:33:12 


3-Core 4:1 Balun: Load 221.4 Ohms 


Test 2: Balun with resistive load of 221.4 Ohms 
Load R Idealln R Ideal SWR 
221.4. 55.350. 1.107 


Freq SWR50 R x AdjldR Adj ld x 
3.5 1.36 53.13 15.54 55.11 -0.36 
7.0 1.17 54.71 6.75 55.09 -0.70 


14.0 1.10 46.56 3.44 55.05 -1.39 
28.0 2.63 23.33 21.54 54.97 -2.76 


Zmag AWG= 16 
Rs,Xxs Theta 
100 100 
Freq = 18 
Freq Step = 0.100 
Zo= 50.000 
SWR = 1.275 


Zmag= 40.932 
Theta= 7.795 


Refil Coef = 0.121 
% refl power = 1.5 


50 0 


Equivalent Circuit: 
23.00 33.00 Rs= 40.554 
Xs= 5.552 
Ls= 0.049 uH 


FILES: 
default_cal.acal 
-50 50 default_config.cfg 


-100 100 


Fig. 13 


Although the higher frequency resistance values for the 3-core version of the 4:1 voltage 
balun are lower, the SWR does not rise to 911 values. The lower reactance values for the 3- 
core balun are the chief reason for the limits to the rise in 50-O SWR. 


Test 3: 152 QO and Test 4: 100 Q: As we decrease the load values below the nominal 
impedance level, the 3-core balun continues to produce curves that almost (but not quite) 
replicate the curves for the 911. With a load of 150 Q, the resistance curve shows a lower value 
at 3 MHz, while with a 100-0 load, the resistance curve flattens considerably at the lowest 
frequency in the scan. In addition, the large higher-frequency drop in input resistance that we 
saw in the 180-Q scan slows its rate of decline and, with a load of 100 Q, is not far from the 
values for lower frequencies. See both the test tables and Fig. 14 and Fig. 15. Still, the SWR 
margin continues to grow due to the high inductive reactance at the highest frequencies in the 
scan. The amount of reactance increases is somewhat less for the 3-core balun than for the 
911 version. These differences are somewhat minor compared to the relatively close tracking 
between the two voltage baluns of the scan curves at each load level. 


Test 3: Balun with resistive load of 152.0 Ohms 
LoadR  Idealln R Ideal SWR 
152.0, 38.000, 1.516 
Freq SWR50 R x Adj ld R = Adj Id x 
3.5 1.47 36.99 10.39 37.86 -0.15 
7.0 1.43 37.89 9.21 37.85 -0.22 
14.0 1.61 34.69 12.87 37.83 -0.38 
28.0 3:13 22.68 30.04 37.78 -0.68 


Test 4: Balun with resistive load of 100.3 Ohms 
Load R Idealln R Ideal SWR 
100.3, 25.075, 1.994 
Freg SWR50 R x Adj ld R= Adj Id X 
3.5 2.08 24.80 7.72 25.06 0.03 
7.0 2.12 24.88 10.24 25.06 0.09 
14.0 2.43 23.92 18.06 25.06 0.20 
28.0 4.27 19.00 37.61 25.05 0.42 


Min SWR = 1.419 @ 5.600 MHz File: 3-150.scn Zmag AVG= 16 


‘ one O Rs,Xs Theta 
. 100 100 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.817 
Zmag= 36.103 
5.0 50 0 Theta= 27.129 
4.0 Refl Coef = 0.290 
3.0 % refl power = 8.4 
2.0 
1.0 
0 0 Equivalent Circuit: 
3.00 13.00 23.00 33.00 Rs= 32.131 
FREQ (2.00 MHzédiv) PE T ida 
FILES: 
default_cal.acal 
-50 50 default_config.cfg 
CUSTOM CAL 
-100 100 
Mar 17,08 14:29:00 
3-Core 4:1 Balun: Load 152.0 Ohms Fig. 14 
Min SWR = 2.073 @ 4.100 MHz File: 3-100.scn Zmag AVG= 16 
1 Pp i i ___Rs,Xs__ Theta 
: 100 100 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 2.728 
Zmag= 32.568 
5.0 0 Theta= 45.044 
4.0 Refl Coef = 0.464 
3.0 % refl power = 21.5 
2.0 
1.0 
0 


Equivalent Circuit: 
3.00 13.00 23.00 33.00 Rs= 23.012 


FREQ (2.00 MHzi/div) y one os 
FILES: 
default_cal.acal 

-50 50 default_config.cfg 


CUSTOM CAL 
-100 100 


Mar 17,08 14:27:53 


3-Core 4:1 Balun: Load 100.3 Ohms f 
Fig. 15 


Test 5: 295 Q and Test 6: 390 Q: If we raise the load impedance values while staying within 
an ideal 2:1 SWR limit relative to the nominal load impedance, we obtain the curves shown in 
Fig. 16 and Fig. 17 that surround the next pair of test tables. The resemblance to 911 curves 
continues unabated, with a drop in resistance at the lower end of the scan, a swing of the 
reactance curve into capacitive territory in the mid-frequency region, and essentially the same 
higher-frequency drop in resistance to accompany a rise in inductive reactance. The 3-core 
balun shows its difference in having lower high-end resistance and reactance values. 


Min SWR = 1.146 @ 16.700 MHz File: 3-296.scn Zmag AVG= 16 


SWR Resonant freq: 8.2081 , 21.7044 Rs,Xs Theta 

10. 
100 
9.0 
Freq = 18 

8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR 1.167 


Zmag= 45.753 
Theta = -7.232 


Refl Coef = 0.077 
% refl power = 0.6 


5.0 
4.0 


Equivalent Circuit: 
33.00 Rs= 45.389 

Xs = -5.760 

Cs = 1535.134 pF 
FILES: 
default_cal.acal 


-50 50 default_config.cfg 
CUSTOM CAL 
-100 100 
Mar 17,08 14:34:45 
3-Core 4:1 Balun: Load 296.5 Ohms Fig. 16 
Test 5: Balun with resistive load of 296.5 Ohms Test 6: Balun with resistive load of 391.5 Ohms 
Load R idealin R Ideal SWR Load R IdeallnR Ideal SWR 
296.5, 74.125, 1.483 391.5| 97.875. 1.958 
Freg SWR50 R x Adjld R= Adj Id x Freq SWR50 R x Adjld R= Adj Id x 
3.5 1.66 69.24 23.24 73.91 -0.42 3.5 2.12 87.07 34.78 97.40 -1.37 
70 1.46 72.75 3.84 73.86 -1.10 7.0 1.90 95.06 -1.71 97.27 -2.561 
14.0 1.21 56.71 -7.72 73.75 -2.46 14.0 1.60 64.21 -22.68 97.01 -5.08 
28.0 2.54 21.95 15.32 73.55 -5.19 28.0 2.73 19.24 10.50 96.50 -10.03 
Min SWR = 1.457 @ 18.300 MHz File: 3-391 .scn Zmag ANG= 16 
SWR Resonant freq: 6.7952 , 24.8559 Rs,Xs Theta 
10.0 
100 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo = 50.000 
6.0 SWR = 1.466 


Zmag= 50.436 
Theta = -21.391 
Refil Coef = 0.189 
% refl power = 3.6 


Equivalent Circuit: 
33.00 Rs= 46.962 

Xs = -18.396 

Cs = 480.649 pF 
FILES: 
default_cal.acal 
-50 50 default_config.cfg 


CUSTOM CAL 


-100 100 
Mar 17,08 14:36:03 


3-Core 4:1 Balun: Load 391.5 Ohms 


Fig. 17 


Test 7: 560 Q: With the highest test load of the group—ideally simulating a nearly 3:1 SWR 
relative to the nominal balun output impedance—the curves in Fig. 18 closely resemble those of 
Fig. 9 for the MFJ-911. Once more, as indicated by the associate test table for both baluns, the 
3-core version drops to a lower resistance value at the top of the scan, but the inductive 
reactance does not rise to the level shown by the 911. 


Min SWR = 2.031 @ 20.100 MHz File: 3-561 .scn Zmag AVG= 16 
SWR Resonant freq: 6.1666 , 26.5305 = Rs,Xs Theta 


150 


Freq = 18 

Freq Step = 0.100 
Zo= 50.000 

SWR = 2.080 
Zmag= 55.946 
Theta = -38.182 
Refi Coef = 0.351 
% refi power = 12.3 


Equivalent Circuit: 
Rs = 43.976 

Xs = -34.584 
Cs = 255.668 pF 
FILES: 
default_cal.acal 


-75 50 default_config.cfg 
CUSTOM CAL 
-150 100 
Mar 17,08 14:37:36 
3-Core 4:1 Balun: Load 561.0 Ohms : 
Fig. 18 
Test 7: Balun with resistive load of 561.0 Ohms 
Load R Ideal ln R Ideal SWR 
561.0, 140.250, 2.605 
Freq SWR50 R x Adj ldR Adj Id 
3.5 3.00 112.81 59.63 139.62 -2.61 
7.0 2.71 133.64 -14.45 139.40 -5.13 


14.0 2.29 68.27 -46.44 138.56 -10.16 
28.0 3.35 15.18 6.07 136.67 -20.23 


Test 8: 181.2 —j117.3 O @ 14 MHz: When we apply the complex load to the balun, both 
the 911 (Fig. 10) and the 3-core balun (Fig. 19) show nearly flat curves from 13 to 15 MHz for 
resistance and a reactance curve that rises slowly across the narrowed scan. Compare the 
test-table values to the calculated ideal value 45.3 — j29.3 Q for 14 MHz. Although the 50-Q 
SWR for the 3-core balun approaches the desired value, the resistance and reactance show 
measured values very distant from the ideal. 


Test 8: Balun with a complex load of 181.2 - j117.5 Ohms 
Ideal SWR: 1.976:1 
3-Core Voltage Balun 
Freq SWR50 R x 
13 1.99 30.64 -19.85 
14 1.95 29.57 -16.30 
15 1.93 28.40 -12.93 


Min SWR = 1.929 @ 14.800 MHz File: 3-180-96.scn Zmag AVG= 16 
Rs Xs__ Theta 
100 100 


9.0 
Freq = 14 

8.0 Freq Step = 0.100 

7.0 Zo = 50.000 

6.0 SWR = 1.949 
Zmag= 33.773 

sa 0 Theta = -28.870 

4.0 Refl Coef = 0.322 

3.0 % refl power = 10.4 

2.0 


Equivalent Circuit: 
1500 Rs= 29.575 

Xs = -16.306 

Cs = 697.184 pF 
FILES: 
default_cal.acal 

50 default_config.cfg 


CUSTOM CAL 


Mar 17,08 14:26:12 


3-Core 4:1 Balun: Load 181.2 - j117.3 Ohms Fig. 19 


Conclusions 


The 2 versions of a 4:1 voltage balun share a common basic structure: the use of T200-2 
cores with 15-18 bifilar turns to form the impedance transformation device. For the nominal load 
impedance value (200 Q) and for other values up to an SWR of about 2:1, they also share a 
common performance limitation: At frequencies above about 18 MHz or so, the resistance drops 
precipitously and the inductive reactance climbs steadily. As a result, above the limiting 
frequency, the impedance transformation is much greater than 4:1. 


Unlike the dual ferrite bead balun, where the higher-frequency departures from the ideal are 
relatively minor up through about 30 MHz, the 4:1 voltage balun shows considerable fluctuation 
of the resistance and reactance components as the frequency increases. The tests do not 
permit us to attribute a specific source to the fluctuations. It is likely that the core material, T200 
powdered iron cores with a u of 10 (or 20 for T200-1), plays a major role in the frequency 
limitations. As well, the number and arrangement of the turns may contribute to the limitations 
and the fluctuations. 


At the same time, despite a difference in both the size of the core stack and the number of 
turns, both versions of the voltage balun have very similar lower-frequency behaviors. At the 
upper end of the spectrum, the 3-core version shows a more rapid drop in resistance and a 
lower rate of inductive reactance increase as we raise the operating frequency. 


Although some changes of material and winding technique might alter the impedance 
transformation performance of voltage baluns, there are numerous studies that strongly suggest 
that the voltage balun is a less perfect way of obtaining the desired 4:1 impedance change than 
a current balun, of which the ferrite bead balun is an example. Essentially, the assumption that, 
as we double the voltage, the current neatly halves is flawed. However, the tests that scan 
performance across a broad range of frequencies do not themselves report the voltage or 
current at the source end of the device. One might “back out” these values in relative terms 


from the resistance and reactance values or from the impedance magnitude and phase angle 
values that form the AIM-4170’s most fundamental output. 


It is likely that 4:1 voltage baluns will remain available to amateur stations and will continue 
to be used within ATUs that employ single-ended networks to provide a simulation of a 
balanced output. Therefore, if one wishes to know exactly what transformation is occurring at 
each frequency of interest, it would be useful to perform a scan of individual baluns. 


The Impedance-Transformation Properties of Common 4:1 Balun Types 
Part 4: Toroidal Current Baluns: Some Preliminary Measurements 


L. B. Cebik, W4RNL 


The true current with toroidal windings normally requires two cores, usually ferrite. Mix 43 (u 
= 850 is most common because of its low cost and generally satisfactory service in the HF 
range. As shown in Fig. 1, the two winding pairs use parallel connections on the input side and 
series connections at the output. Some builders add a 1:1 transformer at the input to preserve 
the balance of the windings. However, most commercial 4:1 current baluns of this design 
simply connect one input terminal to the center conductor of an SO-239 coaxial cable 
connector, with the other lead going to ground. 


@=End1 Fig. 1 


Current Balun 


Since each bifilar winding creates a 1:1 impedance transformer, the 4:1 impedance 
transformation results from the connections. In this regard, it resembles the dual ferrite bead 
balun that we previously examined in detail. As we look at samples of the ferrite toroidal core 
version of the current balun, we shall be interested in its performance relative to the ferrite bead 
version as well as noting differences from the performance of the voltage baluns. 


Using the same test set-up and resistors employed with earlier tests, we shall look at two 
samples of true current baluns: the low-power indoor MFJ-911 and the CSP TLT-4-C, which is 
rated for higher power. 


The MFJ-911 
MFJ describes the 911 in the following catalog terms: 


MFJ-911: Price: $24.95: The MFJ-911 is a true 4:1 current balun/unun that 
transforms 200 ohm balanced and unbalanced loads to 50 ohms. The response 
is amazingly flat from 160-10M because it is a true Transmission Line 
Transformer using 100 ohm characteristic impedance transmission line. Two low 
permeability ferrite cores are used to easily handle 300 Watts. Change balanced 
to unbalanced operation with handy ground post. 2% x 4% x 1 inches. 


Of interest is the fact that the specification sheet that accompanies the unit reduces 
the response claim from “amazingly flat” down to “relatively flat.” As well, the catalog 


claim of 100-O winding does not appear on the specification sheet. Inspection of the 
interior shows that the Teflon wires are tightly paired, but there is nothing to indicated 
their characteristic impedance. 


Test Set-Up for a 4:1 Current Balun Fig. 2 


Alm4170 


RG-58-AIU 
(3") 


MFJ-911 
Low-Power Indoor 
4:1 Current Balun 


Fig. 2 shows the test set-up, with the standard 3” length of RG-58 (compensated out of the 
test results) between the balun and the AIM4170. | took the photo following the series of tests; 
hence, the binding posts are loose and show no load resistor. We shall use the same set of 
loads for testing the impedance transformation properties of the voltage balun, and the results 
will have the same appearance. Graph lines will include resistance (orange), reactance (ochre) 
and the 50-O SWR (red) over the 3 to 30 (33) MHz range. Test tables will show basic sample 
measurement values for 3.7, 7.0, 14.0, and 20.0 MHz. The column headings SWR50, R, and X 
correspond to the lines on the graph at the designated frequencies. The entries contain excess 
decimal places simply to allow easier identification of trends for some balun units that show only 
small variations. The graphs have two supplemental sets of values. At the top is the load value 
based on the DC resistance measurement of the test resistor. Beside it is the calculated “ideal” 
input resistance based on that load value followed by the 4:1 theoretical impedance 
transformation of the balun. The right two columns take into account the scans (described in 
part 1) of the actual load resistors and create adjusted “ideal” resistance and reactance values 
based on simple proportional-parts calculations. The goal is to provide an estimate of the input 
values that might be produced by an ideal 4:1 balun. The bottom row of the tables shows the 
amount of value change across the frequency range in the table. 


Test 1: 180 Q and Test 2: 220 Q: Since the nominal design load impedance for the 4:1 
balun is 200 Q, we may again combine the first two tests. The resistor values bracket the 
nominal load value. Along with the two side-by-side test tables, Fig. 3 and Fig. 4 provide the 
basic performance data. 


Min SWR = 1.172 @ 11.000 MHz File: cs-180_scn Zmag ANG= 16 


SWR Rs,Xs Theta 
10. 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.252 
50 Zmag= 44.696 
7 Theta = 11.074 
4.0 Refi Coef = 0.112 
3.0 % refl power = 1.3 
2.0 
1.0 
0 Equivalent Circuit: 
Rs = 43.863 
Xs= 8.585 
Ls= 0.076 uH 
FILES: 
default_cal.acal 
-50 50 default_config.cfg 
CUSTOM CAL 
-100 100 
Mar 17,08 13:56:24 
MFJ-911 Current Balun: Load 181.2 Ohms Fig. 3 
Test 1: Balun with resistive load of 181.2 Ohms Test 2: Balun with resistive load of 221.4 Ohms 
Load R= Idealln R Ld SWR In SWR Load R= IdeallnR Ld SWR In SWR 
181.2. 45.300, 1.026, 1.104 221.4. 56.350, 1.190, 1.107 
Freq SWR50 R x Adj ld R= Adj Id x Freq SWR50 R x Adj ld R Adj Id x 
3.5 1.19 42.87 3.32 45.54 -0.19 3.5 1.07 51.82 2.99 55.11 -0.36 
7.0 1.19 43.13 3.88 45.52 -0.37 7.0 1.06 51.84 2.02 55.09 -0.70 
14.0 1.24 43.31 7.48 45.50 -0.74 14.0 1.09 51.48 4.03 55.05 -1.39 
238.0 1.32 45.28 12.26 45.46 -1.49 28.0 1.11 50.93 5.36 54.97 -2.76 
Delta | 0.13, 2.41. 8.94 Delta | 0.06 , 0.89 | 2.37 
Min SWR = 1.027 @ 10.900 MHz File: cs-220.scn Zmag AVG= 16 
SWR Resonant freq: 10.6914 , 11.5193 Rs,Xs Theta 
10. 
100 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.087 
Zmag= 51.592 
5.0 0 Theta= 4.397 
4.0 Refl Coef = 0.041 
3.0 % refl power = 0.2 
2.0 
1.0 


0 0 Equivalent Circuit: 
3.00 13.00 23.00 33.00 Rs= 51.440 
Xs= 3.955 
FREQ (2.00 MHz/div) Ls= 0.035 uH 
FILES: 
default_cal.acal 
-50 50 default_config.cfg 
CUSTOM CAL 
-100 100 


Mar 17,08 13:57:54 


MFJ-911 Current Balun: Load 221.4 Ohms Fig. 4 


The two resistive loads that surround the nominal balun load (200 Q), yield very flat 
responses across the scan range. The response with the 220-O resistor is especially notable, 
since the resistance and the reactance vary only slightly, as indicated by the change range in 
the table. However, for both values, the measured resistance is slightly lower than the ideal 
values shown on the right in each table. In practical terms, the deviation is insignificant, 
although it provides us with a factor to track as we employ other load values. 


Perhaps the most striking feature of the graphs is the set of bumps in the vicinity of 11.5 
MHz. We shall track these minor aberrations to see if they are peculiar to loads in the nominal 
region. As well, we shall see if they grow or shrink if they are present with higher or lower load 
values. 


Test 3: 152 Q and Test 4: 100 Q: As shown in Fig. 5 and in Fig. 6, as well as in the test 
tables, the next two loads progressively reduce the load resistance to simulate loads with higher 
SWR values while remaining with a 2:1 SWR range. 


As we decrease the load value, the aberrational bumps decrease in size. In addition, the 
range of input resistance and input reactance values increases across the full scan range. For 
these lower load values, both resistance and reactance continuously rise so that at 28 MHz, 
values are considerably higher than the adjusted ideal values (based upon scans of the load 
resistors alone). 


Min SWR = 1.406 @ 11.000 MHz File: cs-150.scn Zmag ANVG= 16 
gan Rs,Xs _ Theta 
4 100 100 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.495 
Zmag= 39.047 
sa 0 Theta= 17.691 
4.0 Refl Coef = 0.198 
3.0 % refl power = 3.9 
2.0 
1.0 
0 Equivalent Circuit: 
33.00 Rs= 37.201 
7 Xs = 11.866 
FREQ (2.00 MHz/div) Ls= 04105 uH 
FILES: 
default_cal.acal 
-50 50 default_config.ctg 
CUSTOM CAL 
-100 100 
Mar 17,08 13:55:01 
MFJ-911 Current Balun: Load 152.0 Ohms Fig. 5 
Test 3: Balun with resistive load of 152.0 Ohms Test 4: Balun with resistive load of 100.3 Ohms 
LoadR  IdeallnR Ld SWR In SWR Load R = IdeallnR Ld SWR In SWR 
152.0, 38.00, 1.22 | 1.32 100.3, 25.06. 1.85 | 1.99 
Freq SWRS50 R x Adj ld R= Adj Id x Freq SWR50 R x Adj ld R | Adj Id x 
3.5 1.41 35.78 3.46 37.86 -0.15 3.5 2:13 23.59 3.62 25.06 0.03 
7.0 1.42 36.00 5.03 37.85 -0.22 7.0 2.14 23.85 6.34 25.06 0.09 
14.0 1.48 36.38 9.81 37.83 -0.38 14.0 2.21 24.42 12.55 25.06 0.20 
23.0 1.58 39.51 17.54 37.78 -0.68 28.0 2.36 27.90 24.58 25.05 0.42 


Delta F 0.17 | 3.73 14.08 Delta 0.23 | 4.31 20.96 


Min SWR = 2.100 @ 11.300 MHz File: cs-100.scn Zmag AVG= 16 


anne o E ___Rs,Xs_ Theta 
f 100 | 100 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo = 50.000 
6.0 SWR = 2.239 
Zmag= 29.820 
a 50 0 Theta= 32.180 
40 Refl Coef = 0.383 
3.0 % refl power = 14.6 
2.0 
1.0 
0 


Equivalent Circuit: 
3.00 13.00 23.00 33.00 Rs= 25.239 
7 Xs = 15.881 
FREQ (2.00 MHzi/div) Ls= 0.140 uH 
FILES: 
default_cal.acal 
-50 50 default_config.cfg 


CUSTOM CAL 
-100 100 


Mar 17,08 13:53:34 


MFJ-911 Current Balun: Load 100.3 Ohms Fig. 6 


Test 5: 295 Q and Test 6: 390 Q: When we employ load resistance values above nominal, 
some facets of the current balun behavior change, as indicated in Fig. 7, Fig. 8, and the test 
tables. Most striking is the growth of the 11.5-MHz aberration in the curves. Equally important 
is the fact that with loads greater than nominal, the resistance decreases with increasing 
frequency. As well, the reactance curve becomes increasingly capacitive, although the value 
reaches a maximum and then gradually becomes less capacitively reactance at the upper end 
of the scan. 


Min SWR = 1.077 @ 11.800 MHz File: cs-296.scn Zmag AVG= 16 
aon Resonant freq: 5.0040 , 11.7625 , 12.5403 Rs,Xs Theta 
Freq = 18 
Freq Step = 0.100 
Zo= 50.000 
SWR = 1.329 


Zmag = 65.160 
Theta = -5.889 
Refil Coef = 0.141 
% refl power = 2.0 


Equivalent Circuit: 
Rs = 64.816 

Xs = -6.686 

Cs = 1322.542 pF 
FILES: 
default_cal.acal 
-50 50 default_config.ctg 


FREQ (2.00 MHzidiv) 


CUSTOM CAL 
-100 100 


Mar 17,08 13:59:15 


MFJ-911 Current Balun: Load 296.5 Ohms Fig.7 


Test 5: Balun with resistive load of 296.5 Ohms Test 6: Balun with resistive load of 391.5 Ohms 


Load R | Idealln R Ld SWR In SWR Load R IdeallnR Ld SWR In SWR 
296.5, 74.13. 1.59 | 1.48 391.5. 97.88. 2.10, 1.96 
Freq SWR50 R x Adj ld R= Adj Id x Freq SWR50 R x Adj ld R= Adj Id x 
3.5 1.40 69.60 2.21 73.91 -0.42 3.5 1.83 91.65 0.91 97.40 -1.37 
7.0 1.39 69.11 -2.29 73.86 -1.10 7.0 1.82 89.65 -9.27 97.27 -2.61 
14.0 1.35 66.81 -3.91 73.75 -2.46 14.0 1.76 83.27 -16.35 97.01 -5.08 
28.0 1.26 58.92 -8.70 73.55 -5.19 28.0 1.64 62.70 -24.70 96.50 -10.03 
Delta | 0.14, 10.68, -10.91 Delta | 0.19, 28.95, -25.61 
Min SWR = 1.278 @ 11.700 MHz File: cs-391 .scn Zmag AVG= 16 
ante Resonant freq: 3.7246 , 11.7758 , 11.9306 Rs,Xs Theta 


9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.739 


Zmag= 80.207 


a” 0 Theta = -15.707 
40 Refl Coef = 0.270 
3.0 % refl power = 7.3 


Equivalent Circuit: 
33.00 Rs= 77.212 

Ms = -21.713 

Cs = 407.210 pF 
FILES: 
default_cal.acal 

50 default_config.cfg 


CUSTOM CAL 


Mar 17,08 14:00:55 


MFJ-911 Current Balun: Load 391.5 Ohms Fig. 8 


For higher load values, the input resistance is lower than ideal across the frequency range 
of the scan. As a result of this factor, coupled with the slope of the resistance curve, the 
resistance in the upper reaches of the scan drops to about 60% of ideal with the 391-Q load. 
Since the capacitive reactance tends to rise with frequency except at the highest frequencies in 
the scan, the decreasing resistance is masked by a relatively flat SWR value, if we only 
measure that factor. 


Test 7: 560 Q: The final purely resistive load simulates an SWR of about 3:1. Fig. 9 and 
the associated test table show the results of using a high load resistance value. The numbers 
and curves show the continuing trends as they become ever more vivid. 


Test 7: Balun with resistive load of 561.0 Ohms 
Load R = IdeallnR Ld SWR In SWR 
561.0. 140.25 . 3.02 . 2.81 
Freq SWR50 R X Adjld R= Adj Id X 
3.5 2.62 131.17 -2.22 139.82 -2.61 
7.0 2.61 124.03 -25.85 139.40 -5.13 
14.0 2.52 105.75 -41.57 138.56 -10.16 
28.0 2.34 61.31 -47.24 136.87 -20.23 
Delta q 0.28, 6986, -45.02 


Min SWR = 1.635 @ 11.700 MHz File: cs-561.scn Zmag AVG= 16 
SWR Resonant freq: 3.2581 Rs Xs__Theta 
150 100 


9.0 
Freq = 18 

8.0 Freq Step = 0.100 

7.0 Zo= 50.000 

6.0 SWR = 2.484 
Zmag = 102.181 

sa O Theta = -28.645 

4.0 Refl Coef = 0.426 

3.0 % refl power = 18.1 

2.0 


Equivalent Circuit: 
33.00 Rs= 89.675 

Xs = -48.984 
Cs = 180.506 pF 
FILES: 
default_cal.acal 
50 default_config.cfg 


CUSTOM CAL 


Mar 17,08 14:02:29 


MFJ-911 Current Balun: Load 561.0 Ohms Fig. 9 


The drop in resistance with rising frequency shows about a 3:1 range from 3 to 33 MHz. 
Accompanying the drop is a reactance curve that is wholly capacitive across the scan. It 
reaches a peak value near the mid-range marker on the graph. As the SWR line shows, the 
combined effect yields a relatively constant 50-O SWR value at the device input. The aberrant 
bumps in the resistance and reactance curves around 11.5 MHz are very pronounced. 
However, the extreme values remain within the overall range of both resistance and reactance, 
and the combined effect yields only a small change in the resulting SWR value. 


Test 8: 181.2 —j117.3 Q @ 14 MHz: Since the final test employs a series combination of 
resistance and capacitive reactance over a narrow frequency range (13 to 15 MHz), we may 
dispense with the graph, since it shows only relatively flat lines. The data table provides the key 
information on the performance of the device with this sample load. As in the tests of voltage 
baluns, the table also includes values derived from testing the dual ferrite-bead 4:1 balun, since 
those values closely approximate ideal 4:1 transformations of both the resistance and the 
reactance at the load. 


Test 8: Balun with a complex load of 181.2 - j117.5 Ohms 
Ideal SWR: 1.976:1 
MFJ-911 
Freq SWR50 R x 
13 1.95 38.03 -27 OF 
14 1.89 36.99 -24.67 
15 1.83 36.40 -22.36 


The 911’s seeming improved SWR values relative to the calculated value based upon the 
load may tend to obscure the reality of the impedance transformation if we do not measure both 
resistance and reactance. For both parameters, the 911 produces lower than ideal values. 
However, the values are considerably better than those produced by either voltage balun (part 
3) using the same load. 


The aberrant bumps in the entire set of test scans for the 911 led me to examine carefully 
the case contents. Various manipulations of the core positions relative to each other and to the 
aluminum panel yielded no detectable change. However, hand capacitance to the pair of cores 
and their windings did suppress the bumps (but, of course, led to very shaky scan curves). The 
bumps may be an internal resonance in the windings. Its appearance on the full-sweep scans 
seems abrupt. However, as shown in Fig. 10, a narrower scan shows a gentler view of the 
phenomenon, despite the use of the 561-0 resistive load. 


Min SWR = 1.599 @ 11.800 MHz File: cs-561-10-14.sen Zmag AVG= 16 
10 Rs,Xs__ Theta 
: 100 
9.0 
Freq = 12 
8.0 Freq Step = 0.0500 
7.0 Zo= 50.000 
6.0 SWR = 2.044 
Zmag = 99.745 
sa 0 Theta= -9.788 
4.0 


Refil Coef = 0.343 
% refl power = 11.8 


Equivalent Circuit: 
1400 Rs= 98.293 

Xs = -16.957 

Cs = 782.152 pF 
FILES: 
default_cal.acal 

50 default_config.cfg 


Mar 9,08 16:03:36 


MFJ-911 Current Balun: Load 561.0 Ohms Fig. 10 


Interestingly, the minimum resistance and reactance points occur at different frequencies ad 
never reach extreme values, even using a 0.05-MHz increment between scan points. Whatever 
the source of the aberrant behavior, it does not appear to be severe enough to hinder effective 
use of the 911 4:1 current balun in standard applications. 


The Clear Signal Products TLT-4-C 


More recently, cores with much higher permeability values have appeared. The cores 
permit the use of far fewer turns per winding. Some older Guanella designs have small 
resonance bumps (in the case of the MFJ-911 at about 11.5 MHz) that the need for fewer 
winding turns eliminates. The requirement for fewer turns per winding also allows both windings 
to employ the same core. Clear Signal Products produces such a balun (and a fully sealed 
outdoor version) using a single core for which u = 1500 from Ceramic Magnetics of Fairfield, NJ. 
The high-ų allows a single 1.375’-diameter by 0.375”-thick core to carry both windings, which 
require only 3 turns each with wire spacing set for a 100-Q characteristic impedance via glass 
tape. The case uses gray UV-resistant PVC, normally with a compatible sealant. | am indebted 
to Michael LaPuzza, KM5QxX, of Clear Signal Products for sending me an unsealed unit to scan 
for this series. (See http://www.coaxman.com.) 


Fig. 11 shows the test set-up, with the standard 3” length of RG-58 between the balun and 
the AIM4170. (Although the line is less than 1% of a wavelength at the highest frequency 


scanned it was calibrated out of the tests.) We shall use the same set of loads for testing the 
impedance transformation properties of the voltage balun, and the results will have the same 
graphic and tabular appearance as earlier version, as described at the beginning of this part. 


Test Set-Up for a 4:1 Current Balun Fig. 11 


AlM4170 


RG-58-AJU 
(3") 


Clear Signal Products TLT-4-C 
4:1 Current (Guanella) Balun 


7a 
7 > “= - 


A reminder: The goal of the tests is to determine the accuracy of the impedance 
transformation using loads both close to ideal value and loads more distant from the ideal value. 
In many instances, employing simply an SWR measure does not tell the full story of the 
transformation over the complete frequency range. A given SWR value may result from an 
indefinitely large combination of resistance and reactance values. To what degree and under 
what circumstances a 4:1 balun design is a precision impedance transformer is the key question 
for the scans. The tests do not include determining the maximum power handling capability of 
the unit or the total impedance to common-mode currents as a measure of the balanced-to- 
unbalanced function of the unit. 


Test 1: 180 Q and Test 2: 220 Q: Since the nominal load impedance is 200 Q, the first two 
test loads surround it. Fig. 12 and Fig. 13 provide scan graphs for the two resistive loads. The 
test tables are side-by-side between the graphs. Both graphs (and test tables) show quite flat 
resistance curves with a slight peak in the middle frequency region. The reactance curves are 
very shallow, but still wider than the calculated range of the reactance associated with the load 
resistors. 


Min SWR = 1.135 @ 13.900 MHz File: cm-180.scn Zmag ANG= 16 


ion Resonant freq: 18.9966 , 19.0100 , 19.1589 , 19.2149 , 19.4015 Rs,Xs Theta 
: 100 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.141 


Zmag= 43.822 
Theta= 0.134 


Refl Coef = 0.066 
% refl power = 0.4 


5.0 
4.0 


Equivalent Circuit: 
33.00 Rs= 43.822 


Xs= 0.103 
Ls= 0.001 uH 
FILES: 
default_cal.acal 
-50 50 default_config.cfg 
CUSTOM CAL 
-100 100 
Mar 17,08 09:21:55 
CSP TLT4-C 4:1 Balun: 181.2 Ohms Fig. 12 
Test 1: Balun with resistive load of 181.2 Ohms Test 2: Balun with resistive load of 221.4 Ohms 
Load R= Idealln R Ld SWR In SWR Load R= IdeallnR Ld SWR In SWR 
181.2. 45.300, 1.026, 1.104 221.4. 55.350. 1.190. 1.107 
Freq SWR50 R x Adjld R= Adj Id x Freq SWR50 R x Adjld R= Adj Id x 
3.5 1.17 43.13 273 45.54 -0.19 3.5 1.07 51.50 3.31 55.11 -0.36 
7.0 1.15 43.68 1.71 45.52 -0.37 7.0 1.05 52.30 1.36 55.09 -0.70 
14.0 1.14 43.84 0.51 45.50 -0.74 14.0 1.06 52.62 -0.95 55.05 -1.39 
28.0 1.15 43.34 -0.67 45.46 -1.49 28.0 1.09 51.35 -4.24 54.97 -2.76 
Delta | 0.03 | 0.71, -3.40 Delta | 0.04, 1.27 | -7.55 
Min SWR = 1.050 @ 9.700 MHz File: cm-220.scn Zmag AVG= 16 
SWR Resonant freq: 10.8666 , 11.0698 , 11.1456 Rs,Xs Theta 
10. 
100 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.063 
Zmag= 52.424 
5.0 0 Theta= -2.204 
4.0 Refl Coef = 0.030 
3.0 % refl power = 0.1 
2.0 
1.0 


Equivalent Circuit: 
33.00 Rs= 52.385 

Xs = -2.016 

Cs = 4385.928 pF 
FILES: 
default_cal.acal 
-50 50 default_config.cfg 


CUSTOM CAL 


-100 100 
Mar 17,08 09:23:06 


CSP TLT4-C 4:1 Balun: 221.4 Ohms Fig. 13 


Test 3: 152 Q and Test 4: 100 Q: The test loads below the ideal value aim for SWR values 
of about 1.33:1 and 2.0:1. Fig. 14 and Fig. 15 provide the scan graphics, along with side-by- 
side data sample tables. As appears to be typical of 4:1 balun designs, the lower load 
resistance values result in very flat resistance curves with values very close to calculated ideals. 
The reactance curves show a small rise in inductive impedance in contrast to reactance curves 
for more nearly ideal load values. 


Min SWR = 1.361 @ 11.800 MHz File: cm-150.scn Zmag AVG= 16 
i Fa : _ ___Rs,Xs__ Theta 
° 100 100 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.366 
Zmag = 36.723 
so 50 0 Theta= 2.468 
4.0 Refl Coef = 0.155 
3.0 % refl power = 2.4 
2.0 
1.0 
0 Equivalent Circuit: 
3.00 13.00 23.00 33.00 Rs= 36.689 
FREQ (2.00 MHzidiv) Xs= 1.581 
i Ls= 0.014 uH 
FILES: 
default_cal.acal 
-50 50 default_config.ctg 
CUSTOM CAL 
-100 100 
Mar 17,08 09:20:21 
CSP TLT4-C 4:1 Balun: 152.4 Ohms Fig. 14 
Min SWR = 2.042 @ 13.200 MHz File: cm-100.scn Zmag AVG= 16 
i Pia g Rs,Xs_ Theta 
° 100 100 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 2.044 
Zmag= 24.864 
sa 50 0 Theta= 8.100 
4.0 Refl Coef = 0.343 
3.0 % refl power = 11.8 
2.0 
1.0 
0 


Equivalent Circuit: 
3.00 13.00 23.00 33.00 Rs= 24.616 


FREQ (2.00 MHzidiv) gal a ai 


FILES: 
default_cal.acal 
-50 50 default_config.ctg 


CUSTOM CAL 
-100 100 
Mar 17,08 09:17:31 


CSP TLT4-C 4:1 Balun: 100.3 Ohms Fig. 15 


Test 3: Balun with resistive load of 152.0 Ohms 
Ideal In R Ld SWR 


Load R 
152.0 | 
Freq 


38.00 | 

SWR50 
1.39 
1.37 
1.36 
1.00 
0.39 


` 


R 


1.22| 


36.08 
36.49 
36.73 
36.61 

0.65 


In SWR 


x 


1.32 


2.32 
1.87 
1.56 
1.70 
-0.17 


AdjldR AdjidX 


37.86 -0.15 
37.85 -0.22 
37.83 -0.38 
37.78 -0.68 


Test 4: Balun with resistive load of 100.3 Ohms 
Ideal InR Ld SWR 


Load R 
100.3 
Freq 


` 


` 


25.08 | 


R 


1.85, 


24.24 
24.40 
24.47 
24.73 

0.49 


In SWR 
1.99 

x 
1.76 
1.99 
2.91 
5.00 
3.24 


AdjldR Adj ld X 


25.06 0.03 
25.06 0.09 
25.06 0.20 
25.05 0.42 


As the load value decreases, the total change of resistance and of reactance across the 
frequency spectrum increases. The amount is more numerically noticeable with respect to 
reactance than to resistance. However, neither total change would amount to something 
detectable in operation. 


Test 5: 295 Q and Test 6: 390 Q: The next two tests use load resistance values higher than 
ideal, but with the SWR values of 1.33:1 and 2.0:1 as rough targets. Fig. 16 and Fig. 17 show 
the results graphically, with test sample tables to aid the identification of trends. The 
progression of higher load values show remarkably flat SWR curves. However, the resistance 
and reactance curves show distinct slopes. The resistance curve peaks in the 7 MHz region 
and declines thereafter. The decline is sharper with rising load values and the values never 
reach calculated ideal values. The reactance curves begin inductively at 3 MHz but become 


significantly more capacitive with rising frequency. 


Min SWR = 1.368 @ 3.000 MHz 
Resonant freq: 5.5860 


File: cm-296.scn 


Zmag 
Rs, Xs 


Mar 16,08 05:22:51 


CSP TLT4-C 4:1 Balun: 296.5 Ohms 


Test 5: Balun with resistive load of 296.5 Ohms 
Ideal In R Ld SWR 


Load R 
296.5 | 
Freq 


74.13, 
SWR50 


R 


1.59 


67.86 
69.41 
69.42 
65.90 

3.52 


In SWR 


x 


1.48 


4.91 
1.00 
-4.46 


-12.32 
-17.23 


Adj ld R= Adj Id x 


73.91 -0.42 
73.86 -1.10 
73.75 -2.46 
73.55 -5.19 


AVG= 16 
Theta 
100 
Freq = 18 
Freq Step = 0.100 
Zo= 50.000 
SWR = 1.422 
0 Zmag= 67.276 
Theta = -10.626 


ReflCoef = 0.174 
% refl power = 3.0 


Equivalent Circuit: 


33.00 Rs= 66.122 
Xs = -12.405 
Cs = 712.749 pF 
FILES: 


-100 


100 


default_cal-.acal 
50 default_config.cfg 


Fig. 16 


Test 6: Balun with resistive load of 391.5 Ohms 
Ideal InR Ld SWR 


Load R 
391.5 
Freq 


` 


97.88, 


R 


210, 


87.12 
89.77 
88.99 
80.49 
9.28, 


In SWR 
1.96 
x 
7.07 
-0.14 
-10.66 
-24.98 
-32.05 


AdjldR AdjidX 


97.40 1.37 
97.27 -2.61 
97.01 -5.08 
96.50 10.03 


Min SWR = 1.752 @ 3.000 MHz File: cm-391.scn Zmag AVG= 16 


SWR Resonant freq: 4.8696 Rs,Xs Theta 
10.0 — rA r = 100 [n00 
9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 1.847 


Zmag = 84.472 


O Theta = -17.206 
40 Refl Coef = 0.297 
3.0 % refl power = 8.8 
20 
1.0 


Equivalent Circuit: 
33.00 Rs= 80.692 

Xs = -24.988 
Cs = 353.854 pF 
FILES: 
default_cal.acal 
50 default_config.cfg 


-100 100 
Mar 16, 08 05:25:09 


CSP TLT4-C 4:1 Balun: 391.5 Ohms Fig. 17 


Test 7: 560 Q: The final test load simulates an SWR value of about 3:1 at the load end of 
the balun. Fig. 9 supplies the scan graph, with the test table below it. The trends that first 
appeared with the 296-Q load continue. (Note the Y-axis expansion to 150 Q maximum value to 
accommodate the input values.) The curves become steeper, except for the SWR line, which is 
close to flat. The slight rise in its value results largely from the fact that the capacitive reactance 
levels off above about 23 MHz and begins a slow decline toward the upper end of the scan 
spectrum. 


Min SWR = 2.407 @ 3.100 MHz File: cm-561 .scn Zmag AVG= 16 
SWR Resonant freq: 4.5058 Rs,Xs Theta 
150 100 


9.0 
Freq = 18 
8.0 Freq Step = 0.100 
7.0 Zo= 50.000 
6.0 SWR = 2.580 


Zmag = 110.047 


20 0 Theta = -26.533 
49 Refl Coef = 0.441 
3.0 % refl power = 19.5 
2.0 

1.0 


Equivalent Circuit: 
33.00 Rs= 98.457 


FREQ (2.00 MHzidiv) ae are OH be 
FILES: 


default_cal.acal 
50 default_config.ctg 


-150 100 
Mar 16, 08 05:27:23 


CSP TLT4-C 4:1 Balun: 561.0 Ohms Fig. 18 


Test 7: Balun with resistive load of 561.0 Ohms 
Load R Ideal ln R Ld SWR In SWR 
561.0. 140.25. 3.02 | 2.81 


Freg SWR50 R x AdjldR Adj Id X 
3.5 242 11947 1213 139.82 -261 
7.0 249 12442 -201 13940 -5.13 


14.0 2.54 121.63 -23.09 138.56 -10.16 
28.0 2.57 100.63 -47.69 136.67 -20.23 
Delta | O15. 23.79. -59.82 


Test 8: 181.2 —j117.3 OQ @ 14 MHz: The final test employs a single sample of a series 
combination of a load resistance and capacitance. The reactance shown results from the use of 
a 96-pF capacitor in series with the listed resistor. The goal of this test was to determine, at 
least for the sample, how close to ideal calculated input values that the balun transformation of 
resistance and reactance would come. The results from 13 to 15 MHz appear in the following 
test table. 


Test 8: Balun with a complex load of 181.2 - j117.5 Ohms 
Ideal SWR: 1.976:1 
CSP TLT-4-C 4:1 Current Balun 
Freq SWR50 R x 
13 1.94 35.48 -24.41 
14 1.88 34.76 -22.03 
15 1.82 34.39 -19.63 


The table also lists the values obtained for the dual ferrite-bead 4:1 balun, since its values 
closely track calculated values (45.3 — j29.33 Q at 14 MHz). The TLT-4-C balun values come 
closer to the bead balun and to the ideal than any other balun in this series of tests (which fall 
far short of sampling even a significant, let alone a major portion of the marketplace). 


Conclusion 


The Guanella 4:1 current balun has a target use of a relatively narrow range of load and 
input impedance values. The test scans used here are not intended to form a positive or 
negative judgment about baluns based on the use of load values with a considerable span of 
values. Rather, the goal has been to characterize balun performance within the limited scope of 
test units available for scanning with the AIM4170. 


The test units in this part of these preliminary exercises in measuring the impedance 
transformation characteristics of 4:1 baluns employ two different approaches to constructing 
Guanella current baluns. The MFJ unit employed separate cores of low u and used a larger 
winding per core (16 turns). In contrast, the CSP unit used a very-high-u core with fewer turns 
per winding (3) and placed both windings on the same core. The CSP unit also appears to have 
used greater care in assuring that the bifilar winding maintained a characteristic impedance of 
100 Q. 


As a consequence, the CSP balun lacks the resonance bump that appears in the MFJ unit 
near 11.5 MHz. In addition, its characteristics come closer to matching the performance shown 
by the dual ferrite-bead balun investigated in part 2 of this series of notes. To allow a readier 
comparison among the current baluns, the following table may be useful. 


Comparisons Among Sampled 4:1 Current Baluns 


Test 1: Balun with resistive load of 181.2 Ohms 
Dual Ferrite Bead Current Balun MFJ-911 Current Balun 
SWR50 R 


Test 2: Balun with resistive load of 221.4 Ohms 
Dual Ferrite Bead Current Balun MFJ-911 Current Balun 
SWR50 R 


Test 3: Balun with resistive load of 152.0 Ohms 
Dual Ferrite Bead Current Balun MFJ-911 Current Balun 
SWR50 R 


Test 4: Balun with resistive load of 100.3 Ohms 
Dual Ferrite Bead Current Balun MFJ-911 Current Balun 
SWR50 


Freg 


Test 5: Balun with resistive load of 296.5 Ohms 
Dual Ferrite Bead Current Balun MFJ-911 Current Balun 
SWR50 R 


Test 6: Balun with resistive load of 391.5 Ohms 
Dual Ferrite Bead Current Balun MFJ-911 Current Balun 
SWR50 R 


Test 7: Balun with resistive load of 561.0 Ohms 
Dual Ferrite Bead Current Balun MFJ-911 Current Balun 
SWR50 R 


SWR50 
1.12 
1.12 
1.14 
1.17 
0.05 , 


SWR50 
1.08 
1.07 
1.06 
1.03 
0.04, 


S¥VR50 


a 


SWR50 
1.95 
1.96 
1.97 
2.01 
0.06 , 


SWR50 
1.44 
1.43 
1.41 
1.36 
0.08, 


SWR50 


SWR50 
2.65 
2.63 
2.56 
2.43 
0.22, 


44.73 
44.67 
44.06 
42.97 
1.76, 


53.74 
53.68 
52.85 
51.12 
2.62, 


37.41 
37.21 
36.88 
36.14 
1.27 [ 


25.65 
25.59 
25.45 
25.22 
0.43, 


71.76 
71.27 
69.77 
66.24 
5.52. 


93.31 
92.38 
89.72 
82.66 
10.65, 


132.45 
130.29 
122.75 
107.11 
25.34, 


0.56 
0.38 
0.45 
1.25 
0.69 | 


0.47 
-0.22 
-0.93 
-1.24 
ATiL 


0.80 
0.86 
1.35 
2.90 
2.10 , 


0.90 
1.45 
2.63 
5.26 
4.36 | 


-0.13 
-2.13 
-4.29 
7.13 
7.00 , 


-1.07 
-5.07 
-10.18 
-16.22 
-15.15 


-3.28 
-12.31 
-23.38 
-35.50 
-32.22 , 


1.19 
1.19 
1.24 
1.32 
0.13, 


1.07 
1.06 
1.09 
1.11 
0.06 , 


1.41 
1.42 
1.48 
1.58 
O17, 


2.13 
2.14 
2.21 
2.36 
0.23, 


1.40 
1.39 
1.35 
1.26 
O14, 


1.83 
1.82 
1.76 
1.64 
0.19, 


2.62 
2.61 
2.52 
2.34 
0.28 | 


42.87 
43.13 
43.31 
45.28 
2.41. 


51.82 
51.84 
51.48 
50.93 
0.89. 


35.78 
36.00 
36.38 
39.51 
373, 


23.59 
23.85 
24.42 
27.90 
4.31. 


69.60 
69.11 
66.51 
58.92 
10.68 


91.65 
89.65 
83.27 
62.70 
28.95 | 


131.17 
124.03 
105.75 
61.31 
69.86 | 


3.32 
3.88 
7.48 
12.26 
6.94 


2.99 
2.02 
4.03 
5.36 
2N 


3.46 

5.03 

9.81 
17.54, 
14.08 


3.62 
6.34 
12.55 
24.58 
20.96 


224 
-2.29 
-3.91 
-8.70 

-10.91 


0.91 
-9.27 
-16.35 
-24.70 
-25.61 


-2.22 
-25.85 
-41.57 
-47.24 
-45.02 | 


CSP TLT-4-C 4:1 Current Balun 


SWR5O |R 
1.17 
1.15 
1.14 
1.15 
0.03 


43.13 
43.68 
43.84 
43.34 
O71, 


X 
2.73 
1.71 
0.51 
-0.67 
-3.40 


CSP TLT-4-C 4:1 Current Balun 


SWR5O |R 
1.07 
1.05 
1.06 
1.09 
0.04, 


51.50 
52.30 
52.62 
51.35 
127| 


X 
3.31 
1.36 
-0.95 
-4.24 
-7.55 


CSP TLT-4-C 4:1 Current Balun 


SWR5O |R 
1.39 
1.37 
1.36 
1.00 
0.39 


36.08 
36.49 
36.73 
36.61 
0.65, 


x 
2.32 
1.87 
1.56 
1.70 
-0.17 


CSP TLT-4-C 4:1 Current Balun 


SWR5O |R 
2.07 
2.05 
2.05 
2.05 
0.02, 


24.24 
24.40 
24.47 
24.73 
0.49, 


x 
1.76 
1.99 
2.91 
5.00 
3.24 


CSP TLT-4-C 4:1 Current Balun 


SWR5O |R 
1.37 
1.39 
1.40 
1.42 
0.04, 


67.86 
69.41 
69.42 
65.90 
3.42, 


x 
4.91 
1.00 
-4.46 
-12.32 
-17.23 


CSP TLT-4-C 4:1 Current Balun 


SWR50 |R 
1.76 
1.80 
1.82 
1.84 
0.09, 


87.12 
89.77 
88.99 
80.49 
9.28 . 


x 
7.07 
-0.14 
-10.66 
-24.98 
-32.05 


CSP TLT-4-C 4:1 Current Balun 


SWR50 |R 
2.42 
2.49 
2.54 
2.57 
0.15, 


119.47 
124.42 
121.63 
100.63 
23.79 , 


x 
12.13 
-2.01 
-23.09 
-47.69 
-59.82 


Adj Id R 
45.54 
45.52 
45.50 
45.46 


Adj Id R 
55.11 
55.09 
55.05 
54.97 


Adj Id R 
37.86 
37.85 
37.83 
37.78 


Adj Id R 
25.06 
25.06 
25.06 
25.05 


Adj Id R 
73.91 
73.86 
73.75 
73.55 


Adj Id R 
97.40 
97.27 
97.01 
96.50 


Adj ld R 
139.82 
139.40 
138.56 
136.87 


Adj Id X 
0.19 
-0.37 
-0.74 
-1.49 


Adj Id X 
0.36 
-0.70 
-1.39 
-2.76 


Adj Id X 
-0.42 
-1.10 
-2.46 


All three baluns show different characteristics, as well as common features. In the region of 
the most ideal load values and with smaller load values, the current baluns are fairly precise 
impedance transforming devices. As we raise the resistance of the load, all three baluns tend to 
show greater departures from ideal impedance transformation values, although all yield 
relatively flat SWR curves. The dual ferrite-bead balun and the CSP unit show comparable 
performance with less variation tan the MFJ dual core unit. At the extreme 3:1 SWR load (561 
Ohms), The MFJ unit shows less change in reactance across the scan spectrum, but a greater 
change in the measured input resistance. As well, the MFJ unit has a bump in the curve near 
11.5 MHz that is lacking in the other two units. 


Special Note 


Measurements show that for the current baluns, with loads higher than the ideal load 
impedance, the resistance value at the input decreases with rising frequency. At the same time, 
the input reactance becomes increasingly capacitive for the same frequency range. The higher 
that the load resistance is relative to an ideal load, the steeper that the curves become for both 
resistance and reactance. At the same time, the 50-Q SWR values calculated for the resistance 
and reactance remain relatively constant, even with the 561-Q load. 


The behavior of the resistance and reactance for loads that are not matched to the balun’s 
characteristic impedance and configuration do not represent material limitations or similar 
possible flaws in design. Rather, they are inherent factors in the design itself. The balun 
consists of sections of transmission line operated over a wide frequency range. When we 
attach a load to a simple transmission line that is higher than the line’s characteristic 
impedance, the input end of the line will show values of resistance and reactance follow the 
same patterns displayed by the baluns. As we increase the length of the transmission line 
within the first quarter wavelength, the resistance decreases more and the reactance becomes 
even more capacitive. The MFJ-911 has more turns than the CSP TLT unit (although the exact 
characteristic impedance of the 911 winding might not be certifiable) and therefore shows a 
greater reduction in resistance and a greater increase in capacitive reactance, despite a 
relatively stable set of SWR values. 


In fact, the calculated values for simple lines are within a few percent of the measured 
values for the balun. Since the load resistors for these tests are not perfect, and since the test 
measurements have a limited range of precision, it is not possible to separate the transmission- 
line impedance transformation with unmatched loads from any other source of variation. For 
example, the CSP TLT unit with loads with greater than ideal resistance shows a low-frequency 
inductive reactance, a performance facet that falls outside the transmission-line account. For 
most practical purposes, however, the values shown by the measurements are in accord with 
the behavior of the loads relative to the impedance transformation properties of the transmission 
lines that underlie them. 


For most applications that fall within small SWR limits, all three units would provide 
satisfactory impedance transformation service in the HF amateur bands. The ferrite bead-balun 
and the CSP TLT-4-C units are somewhat superior in this category of evaluation. The tests, of 
course, do not speak to the power-handling capabilities of any of the units. Nor do they assess 
the common-mode current attenuation characteristics of the units. 


Moreover, the tests, while likely indicative of typical impedance transformation performance 
from well-designed baluns of each type, represent only a tiny portion of the available 4:1 balun 
units on the market. The tests—including the voltage baluns of part 3—are at most suggestive 


of what one can expect by way of impedance transformation from 4:1 baluns of past and 
present designs. Unfortunately, the purchaser of a balun may not be able to estimate 
performance from appearance, since so many available units come in sealed cases. The 
alternative is to actually measure the performance in tests similar to those undertaken here 
using either the inexpensive AIM4170 or a VNA capable of similar measurements. 


All of the units tested in this series, except one purchased unit, were donated for the tests or 
borrowed. Therefore, the tests do not in any way represent an endorsement or criticism of any 
product. The tests arose out of curiosity relative to impedance transformation properties of 4:1 
baluns bred by the relative absence of such information. The availability of a relatively accurate 
test instrument made the test possible. In one sense, these tests are only the first faltering 
steps toward fully characterizing balun performance for units effecting an impedance 
transformation as well as a transition from balanced to unbalanced terminal conditions. Over 
time, each part of this series may show some expansion if other units become available for 
testing. Ultimately, each balun user will have to be responsible for assessing the impedance 
transformation capabilities of any 4:1 balun purchased. 


